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CREWORD

aw and econcmic theory are based on the
man, The assumption that human actions
tional decisions based on available data
ician supply and career choice as well and
tt, shortages f medical specialists in

3- -

£ difficulty in recruiting and retaining

: & ci ists on the staff of the biomedical
search ins &3 the uniformed services in general and
this  Tostitute 1 particular (L), A p-incipal negative
trniluenc2 on the prudent surgeon’'s career decision is  the
duzorepancy in salary  wvis-a-vis civilian peers. One can
predict the decision of a prudent surgeon freshly graquated
fieom a residency program who will receive, as a laptain, total
~ompensation of $52,234 including bonuses, as contrasted to the
near tTotal compensation of $85,700 received by entry level
full-Z1me assistant grofessors of surgery at US medical schools
duringy the 128%-36 academic year and the even greater income of
At tice surgeons (2,30, This discrepancy is

nt *iie  fringe beneliits of journal subscriptions,

s assnciation dues, dependent tuition, and generous

: ces available to the civilian analogue of a

ent surgeon contemplating initiation or
f a wmilitary career must also, on the basis of
nterests and preferences, evaluate other aspects

nis personal
nf rhe career of the military physician scientist. The limited

Juration of assignments will bhe compared to the relative, 1if
nnt apsolute, permanence of residence of a civilian peer, and
the paucity <¢£ research opportunities at some of those
assianments ~11l b2 <contrasted to continuity of research
opporiunity in  the civilian spliere, The dissociation of
scholarly productivity and advancement in the military will
alseo have a chilling effect. XA retention decision on the part
of  the prudent surgeon investigators has Dbeen further
prejwi;*ed by a unique and unusual preoccupation with body size
and physircal prowess. WNo other organization in the world gives
any fiﬂ%ldDLa';On to weignt or running speed as employment
crviteria for physicians or scientists. One ordinarily selects
A physirc ‘dn and/nr scientist on the basis of intellectual
capability and professional skills, not on the Dbasis of
physical endurance. It 1is generally believed that Walter
Reed’s acconmpl!lshments were not the result of outrunning
mosquitos

Forctunately, the economic and other disincentives have
been, to a certain degree, counterbalanced in the decision
process of the surgical investigators ot this Institute by the
availanpility of vesearch support funds provided by the US Army

Hedical Research and Development Command. Those funds permit
the young investigator to initiate his research career without
invnlvement ir the WIH grant application process. In that

process, only slightly more than one in three applications are




approved and those, on the average, after three review
iterations. The work reported in this volume has resulted from
the efforts of these dedicated physicians and scientists for

whom this Institute’s clinical, teaching, and research
opportunities have made possible their professional
productivity and counterbalanced the economic and other

negative factors noted above. The results of their research
have increased our wunderstanding of the multisystem organ
response to injury and led to the improvements in clinical
management that have reduced the morbidity and increased the
survival of seriously injured soldiers.

Unfortunately, retention of such productive investigators
and maintenance of research momentum and continuity are ever

more tenuous., since the noted disincentives are similar for
mid-career surgical scientists with established research track
records. A lieutenant colonel must compare his total

compensation of $79,217 to the mean compensation of $109,700
for a full-time associate professor of surgery. The commonly
observed resignation and migration to medical school faculty
positions of such individuals is preordained. The
unresponsiveness of retention to cosmetic pay increases in the
past has led some to the opinion that increased remuneration
doesn’t influence retention, but the existing pay discrepancies
indicate that salary comparability has never been attempted,
let alone evaluated, and that there 1is no basis for that
opinion. Appropriate remuneration and treatment of physicians
as physicians give promise of arresting the medical
department’s brain drain and increasing clinical, educational,
and research productivity by enhancing staff continuity (4).
Those actions, whose time has come, will maintain the wvitality
of this Institute.

J ) ‘
ﬂj;zb4<;£( L. \22244254/: ¢

BASIL A. PRUITT, JR., MD, FKES
Colonel, MC
Commander and Director

The opinions or assertions contained herein are the private
views of the authors and are not to be construed as official or
as reflecting the views of the Department of the Army or the
Department of Defense.
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Two hundred and six patients were admitted to this
Institute during calendar year 1986. Principal activities
included care of severely burned patients, research to improve
survival and function of such patients, and education and
training of health care professionals and paraprofessionals.
The areas of research included a study to evaluate the
effectiveness and safety of Artificial Skin in the treatment of
third degree flame or scald injuries, an ongoing study of 5%
aqueous mafenide acetate soaks for the topical treatment of
burn wounds following grafting, studies of neuroendocrine
abnormalities in burn injuries, evaluation of
imipenem-cilastatin sodium for prophylactic activity against
bacterial pneumonias in burned patients with inhalation injury,
a clinical study of the safety and efficacy of ceftazidime in
the parenteral therapy of infections in hospitalized burn
patients, evaluations of immunoglobin G and thyroxine therapy,
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studies of thiamine 1levels, and antithrombin deficiency in
thermally injured patients, and a project to characterize
certain biochemical indicators of infection 1in the thermally
injured.
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CLINICAL OPERATION
CENTER FOR TREATMENT OF BURNED SOLDIERS

INTRODUCTION

During calendar year 1986, 206 patients were admitted to
this Institute and there were 207 patient dispositions during
the same period. Statistical data are based on the 207 patient
dispositions during calendar year 1986. There were 168 males
and 39 females with an average age of 27.8 yr, ranging from 6
wk to 83 yr of age. Fifty-three patients were <15 yr of age
(25.6%) and 34 patients were >45 yr of age (16.4%). The
average total burn size of the entire population was 27.1% of
the total body surface area, with a 12.1% average extent of
full-thickness injury. The average hospital stay of all
patients, excluding convalescent leave for active duty military
patients, was 44.6 days. One hundred and fifty-one patients
were admitted within 48 h of injury (73.0%).

During calendar year 1986, 791 operative procedures were
performed on 143 patients, an average of 5.53 operative
procedures per patient. Four hundred and ten anesthetics were
given to 143 patients for an average of 2.9 anesthetics per
patient. One hundred and thirty-six patients received a total
of 619,025 ml of blood for an average of 4,551.7 ml of blood
per patient.

ADMISSIONS DATA

The Clinical Division of this Institute admitted 206
soldiers and other authorized patients with thermal, chemical,
or electrical injury during calendar year 1986. Aeromedical
teams from the 1Institute conducted 85 missions within the
Continental United States to transfer 97 of the 206 patients
(47.1%) admitted. Twenty-two missions were carried out by
rotary-wing aircraft (25.9%) and 63 by fixed-wing aircraft
(74.1%). One hundred and thirty-eight of the 206 patients
(67.0%) were admitted within 24 h of injury and 151 (72.8%)
were admitted within 48 h of injury. One hundred and
sixty-three patients were male and 43 were female.

DISPOSITIONS DATA

The following statistics are based on 207 patient
dispositions during calendar year 1986. The ages of these 207
patients ranged from 6 wk to 83 yr, with an average age of 27.8
yr. Burn sizes averaged 27.1% of the total body surface area,
with an average full-thickness component of 12.1%. Fifty-three
patients were in the pediatric age group (age 15 and wunder),
with an average age of 5.6 yr and an average burn size of 23.2%
of the total body surface area. The average hLospital stay of
all dispositions was 44.6 days when convalescent leave for
active duty military patients was included in the calculation
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and 42.6 days when convalescent leave was excluded. There were
8 patients with high wvoltage electrical injury and 3 patients
with chemical injury. The sources of admission are identified
in Table 1 and the causes of burn injury are detailed in Table
2.

Five patients required hemodialysis for acute renal
failure. Acute myocardial infarctions were seen in 5 patients
and acute pulmonary emboli in 6 patients. 1Inhalation injury
was identified in 60 patients (29.0% based on admissions).
Eighty patients (38.8%) had some associated injury (includes 60
patients with inhalation injury) which included fractures or
dislocations in 4 patients and lacerations in 9 patients.

Morbidity and Mortality. Twenty-nine of the 207
dispositions (14.1%) died during calendar year 1986. Autopsies
were performed in 19 (65.5%) of these hospital deaths. The
average burn size of patients who died was 59.8% of the total
body surface area and the full-thickness average was 41.4% of
the total body surface area. Age ranged from 6 wk to 83 vyr.
Fourteen of these patients (48.3%) had inhalation injury as a
primary or contributing cause of death. Nine patients had burn
injuries exceeding 80% of the total body surface area (31.0%).
Five patients died with acute myocardial infarctions. Five of
the 29 deaths (17.2%) occurred in pediatric patients. These
children had an average total body surface area burn of 61.6%
and an average full-thickness burn of 49.7%. The average age
of children who died was 19 months (6 wk through 4 yr). Two of
these children had autopsies.

Infection was once again the most common complication
following thermal injury, with bacterial pneumonia occurring in
49 patients. The most common organisms isolated in patients
with bacterial pneumonia were Staphyloccocus aureus in 19
patients, Pseudomonas aeruginosa in 12 patients, and Klebsiella
species in 10 patients. However, only 13 patients demonstrated
bacterial septicemia and no patient had bacterial invasion of
the burn wound identified during this calendar year.

Table 3 lists the effect of age and extent of injury on
survival and Table 4 lists mortality rates associated with
increments of 10% of the total body surface area for the vyears
1979 through 1986. Table 5 summarizes the survival of patients
with extensive burns from 1958 through 1986. Table 6 compares
mortality before and after the use of topical chemotherapy on
the burn wound. Table 7 lists the causes of death for calendar
year 1986.

EDUCATIONAL ACTIVITIES

During calendar year 1986, the professional staff of the
Clinical Division continued to provide education to
professional and paraprofessional groups at the local,
national, and international levels. A total of 31 resident
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TABLE 1. Sources of Admission (1986)*

AREA A AD AF AFD N/MC___ND VAB OTHER TOTAL
First Army 2 7 0 1 2 0 0 0 12
Third Army 3 0 2 0 6 1 7 1 20
Fifth Army 16 15 5 8 5 1 9 83 142
Sixth Army 2 1 1 1 1 1 1 0 8
Germany 4 1 1 0 1 1 0 0 8
Honduras 2 0 0 0 " 0 0 0 2
Norway 0 0 0 0 3 0 0 0 3
Hawaii 1 0 0 0 0 0 0 1 2
Alaska 1 0 0 0 0 0 0 0 1
Korea 3 0 0 1 0 0 0 0 4
Micronesia 0 0 0 0 0 0 0 1 1
Bermuda 0 0 0 0 1 0 0 0 1
Newfoundland 0 0 0 0 1 0 0 0 1
New Zealand/ 0 0 0 0 1 0 0 0 1

Antartica
Guam 0 0 0 0 0 1 0 0 _1
TOTAL 34 24 9 11 21 5 17 86 207
*A = Army, AF = Air Force, N = Navy, M = Marine Corps, D =
Dependent, VAB = Veterans Administration Beneficiary, and
OTHER = C(Civilian Emergency, US Public Health Service
Beneficiary, and Bureau of Employees Compensation Beneficiary.
7
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TABLE 5. Survival and Nonsurvival by Year for Patients with
Burns »>30% of the Total Body Surface Area (1962-1986)

SURVIVORS NONSURVIVORS

Number Average Burn (%) Number Average Burn (%)
Year of Cases Total 3° of Cases Total 3%
1986 178 21.8 7.3 29 59.8 41.4
1985 48 43.6 21.7 42 54.3 37.1
19814 43 46 .4 24.8 32 59.5 38.7
1983 37 43.5 17.5 30 62.8 50.7
1982 53 43.7 24.8 54 53.9 38.3
1981 54 42.7 17.5 43 62.2 39.8
1980 62 42.7 15.1 66 64.3 41.8
1979 61 45.4 13.4 74 65.0 37.0
1978 67 45.7 14.8 69 55.2 33.0
1977 66 42.2 14.4 70 56.9 29.0
1976 69 45.5 15.0 79 64.2 31.1
1975 80 46.1 14.7 94 61.3 32.8
1974 55 43.9 12,2 97 60.8 35.9
1973 47 43.7 19.6 113 60.3 36.2
1972 62 42.0 17.2 103 56.7 35.9
1971 63 41.9 14.0 68 60.8 38.0
1970 92 39.4 10.7 70 51.9 32.6
1969 113 43.2 11.1 70 58.7 26.4
1968 143 44.2 12.6 38 54.6 24.6
19567 103 42.7 13.3 51 59.9 32.3
1966 68 41.5 14.9 59 59.9 31.3
1965 47 43.8 21.0 33 66.0 33.4
1964 40 41.8 14.8 37 65.0 42 .4
1963 28 45.8 19.6 57 69.0 41.0
1962 18 42.7 21.4 54 59.1 46 .2
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physicians were attached for periods of 1-3 months, including 4
each from Letterman Army Medical Center, Wilford Hall Medical
Center, William Beaumont Hospital (Royal Oak, Michigan), and
the Naval Aerospace Medical 1Institute, 3 each from Providence
Hospital (Southfield, Michigan) and Fitzsimons Army Medical
Center, 2 each from William Beaumont Army Medical Center and
Travis Air Force Base Medical Center, and 1 each from the
Louisiana State Hospital System, Brooke Army Medical Center,
Walter Reed Army Medical Center, Butterworth Hospital (Grand
Rapids, Michigan), and UMD - University Hospital (Newark, New
Jersey). A total of 17 medical students rotated through the
Institute, including 7 health profession scholarship medical
students, 3 students from the 1Indiana University School of
Medicine, 2 students from Columbia University, and 1 student
each from the University of Iowa, the University of Michigan,
East Tennessee State University, Texas Tech University, and
dral Roberts University. A total of 18 physicians visited from
foreign countries for periods ranging from 1 day to 1 year,
which included 4 from the Dominican Republic, 3 from Pakistan,
2 each from China, Japan, and Great Britain, and 1 each from
Israel, Sweden, the Philippines, Norway, and Spain. The
Respiratory Therapy Branch had 120 trainees, the Physical
Therapy Branch had 26 trainees, and the Occupational Therapy
Branch had 32 trainees. Fifteen scientific publications
appeared in refereed medical journals and approximately 131
scientific presentations were conducted for military and
civilian audiences. Numerous scientific presentations were
made at the Academy of Health Sciences and various military
installations throughout the continential United States, to
include support of the Battlefield Medicine Course for the
United States Air Force and the Combat Casualty Care Courses
for the United States Army. 1In addition, weekly professional
staff conferences were conducted for and by Institute
personnel.

PRESENTATIONS

Luster SH: Occupational therapy in burn rehabilitation.
Presented to the Occupational Therapy Assistant Course, Academy
of Health Sciences, Fort Sam Houston, San Antonio, Texas,
7 January 1986.

Roberts LW: Burns. Presented to the Officers’ Basic
Course, Academy of Health Sciences, Fort Sam Houston, San
Antonio, Texas, 14 January 1986.

Pruitt BA Jr: The hemodynamic response to burn injury and
resuscitation,. Presented at the Carnegie-Mellon University
Research Seminar, Pittsburgh, Pennsylvania, 16 January 1986.

Pruitt BA Jr: Epidemiology and pathophysiology of burn
injury. Presented at the US Army Institute of Surgical
Research OT/PT Short Course, Fort Sam Houston, San Antonio,
Texas, 21 January 1986.
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Gutierrez RT: Physical therapy in burn care. Presented at
the OT/PT Conference on Management of Burns in the Theater of
Operations, Fort Sam Houston, San Antonio, Texas, 21-31 January
1986.

McCoy RF: Biomechanical complications of thermal injury.
Presented at the OT/PT Conference on Management of Burns in the
Theater of Operations, Fort Sam Houston, San Antonio, Texas,
21-31 January 1986,

McManus WF: Management of burns in the theater of
operations. Presented at the OT/PT Conference on Management of
Burns in the Theater of Operations, Fort Sam Houston, San
Antonio, Texas, 21-31 January 1986,

Wilson SW: Nutritional management of the burn patient.
Presented to the Dietetic Interns, Baptist Memorial Hospital,
San Antonio, Texas, 28 January 1986.

Culbertson GR: Burns. Presented to the Special Operations
Medical Sergeants Course, Academy of Health Sciences, Fort Sam
Houston, San Antonio, Texas, 30 January 1986.

Pruitt BA Jr: Metabolic management of burn patients.
Presented as Visiting Professor at the Albany Medical College,
Albany, New York, 5-7 February 1986.

McManus WF: Management of burns. Presented to the Flight
Surgeons, Randolph Air Force Base, San Antonio, Texas, 10 March
1986.

Pruitt BA Jr: Opportunistic infections in injured
patients. Presented as Visiting Professor to the Department of
Surgery, Cedars-Sinai Medical Center, Los Angeles, California,
12 March 1986.

Gutierrez RT: Physical therapy and occupational therapy of
burns. Presented to the Advanced Physical Therapy Course from
Wilford Hall Medical Center, Fort Sam Houston, San Antonio,
Texas, 18 March 1986.

McManus WF: Pathophysiology and anatomy of the burn wound.
Presented to the USAF Advanced Physical Therapy Course, US Army
Institute of Surgical Research, Fort Sam Houston, San Antonio,
Texas, 18 March 1986.

Pruitt BA Jr: Fluid resuscitation of the burn patient.
Presented as Visiting Professor at the University of 1Illinois
College of Medicine, Champaign, Illinois, 20-21 March 1986,

Pruitt BA Jr: Infection and burn problems. Presented to

the Physician’s Assistant Course (C4A), Academy of Health
Sciences, Fort Sam Houston, San Antonio, Texas, 26 March 1986,
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McManus WF: Assessment and management of the burn patient.
Presented at the Second Annual Tri-State Trauma Symposium,
Lubbock, Texas, 28 March 1986.

Pruitt BA Jr: The burn patient as the universal trauma
model. Presented as Visiting Professor at the Albany Medical
College, Albany, New York, 1-2 April 1986.

Pruitt BA Jr: Infection/drugs/topical therapy. Presented
at the Eighteenth Annual Meeting of the American Burn
Association, Chicago, Illinois, 11 April 1986.

Shirani KzZ: The influence of inhalation injury and
pneumonia on burn mortality. Presented at the Eighteenth
Annual Meeting of the American Burn Association, Chicago,
Illinois, 11 April 1986.

Pruitt BA Jr: Infection and burn problems. Presented to
the Physician’s Assistant Course, Academy of Health Sciences,
Fort Sam Houston, San Antcnio, Texas, 16 April 1986.

Jordan BS: Team effort with burn care management.
Presented at the INTRACORP Seminar, Dallas, Texas, 1-2 May
1986.

McCoy KF: Costs of physical therapy/occupational therapy
in burn care. Presented at the INTRACORP Seminar, Dallas,
Texas, 1-2 May 1986.

McCoy KF: Team effort with burn care management,
Presented at tne INTRACORP Seminar, Dallas, Texas, 1-2 May
1986.

Missavage AE: Team effort with burn care management,
Presented at the INTRACORP Seminar, Dallas, Texas, 1-2 May
1986.

Pruitt BA Jr: Current management of the burn patient.
Presented as Visiting Lecturer to the North Dakota Chapter of
the American College of Surgeons and the North Dakota Medical
Society, Grand Forks, North Dakota, 1-2 May 1986.

Pruitt BA Jr: Diagnosis and treatment of opportunistic
infections in injured man. Presented as Visiting Lecturer to
the North Dakota <Chapter of the American College of Surgeons
and the North Dakota Medical Society, Grand Forks, North
Dakota, 1-2 May 1986.

McManus WF: Resuscitation of thermal, chemical, and
electric-injured patients. Presented to the 1986 Military
Medical/Surgical Congress, Garmisch, West Germany, 6-9 May
1986.
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Cozean KL: Occupational therapy in burn rehabilitation.
Presented to the Occupational Therapy Assistant Course, Academy
of Health Sciences, Fort Sam Houston, San Antonio, Texas, 9 May
1986.

Pruitt BA Jr: 1Infection and burn problems. Presented to
the Physician’s Assistant Course, Academy of Health Sciences,
Fort Sam Houston, San Antonio, Texas, 21 May 1986.

Roberts LW: Burns. Presentecd to the Officers’' Basic
Course, Academy of Health Sciences, Fort Sam Houston, San
Antonio, Texas, 6 June 1986.

Roberts LW: Burns. Presented to the Officers’ Basic
Course, Academy of Health Sciences, Fort Sam Houston, San
Antonio, Texas, 20 June 1986.

Pruitt BA Jr: Individualized fluid resuscitation of the
burn patient. Presented as Invited Speaker to the 50th Annual

Anniversity Course, Trauma and Critical Care Surgery,
University of Minnesota, Minneapolis, Minnesota, 20-21 June
1986.

Pruitt BA Jr: Burns during pregnancy. Presented as

Invited Speaker to the Burns Management Course, New Delhi,
India, 23 June-4 July 1986.

Pruitt BA Jr: Chemical burns. Presented as Invited
Speaker to the Burns Management Course, New Delhi, India,
23 June-4 July 1986.

Pruitt BA Jr: Local burn wound 1infection. Presented as
Invited Speaker to the Burns Management Course, New Delhi,
India, 23 June-4 July 1986.

Pruitt BA Jr: Inhalation burns. Presented as 1Invited
Speaker to the Burns Management Course, New Delhi, India, 23
June-4 July 1986,

Pruitt BA Jr: The systemic response to burn injury -
pathophysioclogy. Presented as Invited Speaker to the Burns
Management Course, New Delhi, India, 23 June-4 July 1986.

McCoy KF: Physical therapy in burn care. Presented to the
US Army-Baylor Physical Therapy Program, Fort Sam Houston, San
Antonio, Texas, 24 June 1986.

Roberts LW: Burns. Presented to the Officers’ Basic
Course, Academy of Health Sciences, Fort Sam Houston, San
Antonio, Texas, 24 June 1986.

McCoy KF: Care of the thermally injured patient.
Presented to the Physical Therapy Specialist Course (91J),
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Academy of Health Sciences, Fort Sam Houston, San Antonio,
Texas, 25 June 1986.

Roberts LW: Burns. Presented to the Officers’ Basic
Course, Academy of Health Sciences, Fort Sam Houston, San
Antonio, Texas, 15 July 1986.

Pruitt BA Jr: Infection: cause or effect of
pathophysiologic change in burn and trauma patients. Presented
as participant in the NATO-Sponsored Seminar on Lipid Mediators
and Immunology in Trauma, Helsingor, Denmark, 20-25 July 1986.

Pruitt BA Jr: Treatment of thermal injuries. Presented as
Visiting Professor to the Department of Surgery, University of
South Alabama College of Medicine, Mobile, Alabama, 8 August
1986.

Cozean KL: Elastomier pressure devices in control of scar
tissue. Presented to the Orthopedic Hand Service, Brooke Army
Medical Center, Fort Sam Houston, San Antonio, Texas, 14 August
1986.

Pruitt BA Jr: The history of animal research. Presented
at the Harvey Beffa Conference, Shriners Hospital for Crippled
Children, Cincinnati, Ohio, 7-9 September 1986.

Luster SH: Occupational therapy in burn rehabilitation.
Presented to the Occupational Therapy Assistant Course, Academy
of Health Sciences, Fort Sam Houston, San Ant--~io, Texas, 9
September 1986,

Pruitt BA Jr: The burn patient as a trauma model.
Presented as the Curtis Artz Lecturer to the South Carolina
Chapter of the American College of Surgeons, Greenville, South
Carolina, 12-13 September 1986.

Pruitt BA Jr: Necrotizing soft tissue infections: new
concepts in the management of surgical infections. Presented
to the Department of Surgery, Medical College of Wisconsin,
Milwaukee, Wisconsin, 7 October 1986.

Pruitt BA Jr: Resuscitation and fluid management,
Presented at the Buffalo Burn Symposium, Department of Surgery,
State University of New York at Buffalo, Buffalo, New York,
10-11 October 1986.

Pruitt BA Jr: Diagnosis and treatment of inhalation injury
and other pulmonary complications. Presented at the Buffalo
Burn Symposium, Department of Surgery, State University of New
York at Buffalo, Buffalo, New York, 10-11 October 1986.

Pruitt BA Jr: What’s new in trauma and burns. Presented

to the American College of Surgerns Clinical Congress, New
Orleans, Louisiana, 14-25 October 1986.
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McMarge wF:  Burns., Presented to the Officers’ Basic
.o.comy of Health Sciences, Fort Sam Houston, San
e w1 Jctober 1986.

MciCoy KF: Care of the thermally injured patient,
Presented to the Physical Therapy Specialist Course (91J),
Academy cof Health Sciences, Fort Sam Houston, San Antonio,
Texas, 23 October 1986.

McManus WF: Thermal 1injury. Presented to Federal Drug
Enforcement Agency pilots, Randolph Air Force Base, San
Antonio, Texas, 29 October 1987.

Pruitt BA Jr: Thermal injuries - wupdate 1986. Presented
to the Association of Military Surgeons of the United States,
San Antonio, Texas, 3 November 1986.

McCoy KF: Physical therapy in burn care. Presented to
students from Southwest Texas State University, Fort Sam
Houston, San Antonio, Texas, 3 November 1986.

Cioffi WG Jr: Pulmonary and systemic vascular reactivity

in thermal injury. Presented at the Twentieth Annual Meeting
of the Association for Academic Surgery, Washington, DC, 5
November 1986,

Pruitt BA Jr: Infection and burn problems. Presented to
the Physician's Assistant Course (C4A), Academy of Health
Sciences, Fort Sam Houston, San Antonio, Texas, 6 November
1986.

Summers TM: Introduction to the hospital ministry course.
Presented at Brooke Army Medical Center, Fort Sam Houston, San
Antonio, Texas, 10 November 1986.

McManus WF: Resuscitation of the thermally injured
patient. Presented at the Trauma Conference, William Beaumont
Army Medical Center, El Paso, Texas, 13 November 1986.

Mozingo DW: Chemical burns. Presented at the Trauma
Conference, William Beaumont Army Medical Center, El1 Paso,
Texas, 13 November 1986,

McManus WF: Massive burn injury. Presented at the
Ninety-Fourth Annual Meeting of the Western Surgical
Association, Dearborn, Michigan, 18 November 1986,

Kyzar DW: Nursing administrator overview of the US Army
Institute of Surgical Research. Presented to the United States
Army Recruiting Service Nursing Educator Tour, Fort Sam
Houston, San Antonio, Texas, 20 November 1986.

Pruitt BA Jr: Fluid resuscitation and wound care.,
Presented to the Department of Surgery, University of Oklahoma
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1586,

PUBLICATIOGNS

Shirani KZ, McManus AT, Vaughan GM, McManus ~:' ~fruitt Be
Jr, and Mason AD Jr: Effects of environment on ‘niecticn 1in
burn patients. Arch Surg 121(1):31-36, January 1986.

Pruitt BA Jr: Host-opportunistic interactions in surgical
infection. Arch Surg 121(1):13-22, January 1986.

Yukioka T, Yukioka N, Aulick LH, Goodwin CW, Mason AD Jr,
Sugimoto T, and Pruitt BA Jr: Evaluation of (l-sarcosine,
8-isoleucine) angiotensin II as a therapeutic agent for oleic
acid-induced pulmonary edema. Surgery 99{(2):235-244, February
1986.

Aulick LH, McManus AT, Pruitt BA Jr, and Mason AD Ji:
Effects of infection on oxygen consumption and core temperature
in experimental thermal injury. Ann Surg 204(1):48-52, July
1986.

Strome DR, Aulick LH, Mason AD Jr, and Prusitt BA Jr:
Thermoregqulatory and nonthermoregulatocy heat psoduction in
burned rat. J Appl Physiol 61(2):688-6%3, August 1986¢.

Mason AD Jr, McManus AT, and Pruitt BA Jr: Associavion of
burn mortality and bacteremia. A 25-year review. A:rch Surg
121(9):1027-1031, September 1986.

Scott DE, Vaughan GM, and F«u:tb LA Jr: Hypothalamic
neuroendocrine correlates cf cutaneous burn injury in the rat:
I. Scanning electron microscopy Brain  Res Bull
17(3):367-378, September 1986. T

Farrell RJ, McManus WF, Masonr AD Jr, and Pruitt BA Jr:
Interrelationship of cardiac index «.i¢c hemoglobin concentration
in a subset of hyperdynamic septic buin patients. Surg Forum
37:75-78, 1986. -

Kingsley CP, Schmict SI, and Reyvo.de yid: A methed for
securing "pigyyietk' infreions (L&l =1, . Anesth  Arnalg
65(2):209-210, 198¢.
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Missavage AE, McManus WF, and Pruitt BA Jr: Suppurative
thrombophlebitis. In Current Therapy in Vascular Surgery.
Ernst CB and Stanley JC (eds). Burlington: BC Decker, Inc,
1986.

Pruitt BA Jr: The acute burn patient. In Trauma -
Emergency Surgery and Critical Care,. Siegel JH (ed). New
York: Churchill Livingstone, 1986, pp 1099-1132.

Pruitt BA Jr: Diagnosis and treatment of sepsis in the
burn patient. In Trauma and Critical Care Surgery. Najarian
JS and Delaney JP (eds). Boca Raton: Year Book Medical
Publishers, Inc, 1986, pp 443-458.

Pruitt BA Jr: Individualized fluid resuscitation of the
burn patient. In Trauma and Critical Care Surgery. Najarian
JS and Delaney JP (eds). Boca Raton: Year Book Medical
Publishers, Inc, 1986, pp 417-429.

Pruitt BA Jr and Goodwin CW Jr: Burns: including cold,
chemical, and electrical injuries. In Textbook of Surgery.
Sabiston DB Jr (ed). Philadelphia: WB Saunders Publishing Co,
Chapter 12, 1986, pp 214-243.

Pruitt BA Jr, Goodwin CW, Vaughan GM, Aulick LH, Nevman JJ,
Strome DR, and Mason AD Jr: The metabolic problems of the burn
patient. 2cta Chir Scad (Suppl) 522:119-139, 1986.

Pruitt BA Jr and Mason AD Jr: Writing an effective
abstract. In Principles and Practices of Research - Strategies
for Surgical Investigators. Troidl H, Spitzer WO, McPeek B, et
al (eds). New York: Springer-Verlag, Inc, 1986, pp 233-235.

Vaughan GM: Human melatonin in physiologic and diseased
states: neural control of the rhythm. J Neural Transm (Suppl)
21:199-215, 1986.

Vvaughan GM, Lasko J, Coggins SH, Pruitt EA Jr, and Mason AD
Jr: Rhythmic melatonin response of the Syrian hamster pineal
gland to norepinepnrine in vitro and in vivo. J Pineal Res
3(3):235-249, 1986.

Vvaughan GM, Mason AD Jr, and Reiter RJ: Serum melatonin
after a single agqueous subcutaneous 1injection in Syrian
hamsters. Neuroendocrinology 42(2):124-127, 1986.

vaughan GM, Pruitt BA Jr, Shirani Kz, Vaughan MK, and Mason
AD Jr: The thyroid axis and brain 5’-monodeiodination of
thyroxine in the burned rat model of nonthyroidal illness.
Neuroendocrinol Lett 8(5):221-226, 1986.

Vaughan GM and Reiter RJ: Pineal dependence of the Syrian
hamster’'s nocturnal serum melatonin surge. J Pineal Res
3(1):9-14, 1986.
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Yurt RW and Pruitt BA Jr: Burns.

Gardner B and Shaftan GW (eds). Philadelphia: JP
Co, 1986, pp 538-545,

MOTION PICTURES

Pruitt BA Jr and McManus WF:

In Surgical Emergencies.
Lippincott

Critical Decisions in Surgery

$2: Management of Severe Burns. New York:
Publishers, 1986.
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ABSTRACT
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During the period of this report, 410 anesthetics were
administered to 143 patients, an average of 2.87 anesthetics

per patient. The most commonly wused anesthetic agent was
enflurane (66.34%), followed by ketamine (15.37%), halothane
(8.54%), and 1isoflurane (5.61%). Due to the nature and

combinations of procedures now performed, regional anesthesia
is no longer used.

“
ANESTHESIA
ENFLURANE
KETAMINE
HALOTHANE
ISOFLURANE
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ANESTHESIOLOGY

PREOPERATIVE PROCEDURES

Evaluation. Most burn patients are several days postinjury
when first seen by the anesthesiologist. In the immediate
postburn period, time is used to gain abundant physiologic data
from routine monitoring of various indices, i.e., hematologic

(hematocrit, electrolytes, 1liver and renal function tests),
pulmonary (arterial blood aases, respiratory rate, chest
roentgenograms), cardiovascular (blood pressure, central venous

pressure, cardiac output), and renal (urine output, wurine
chemistry), in addition to the wusual preoperative patient
interview and physical examination. All patients, regardless
of age, who have electrical injuries are required to have a
preoperative electrocardiogram performed to rule out possible
myocardial damage.

Preparation., All patients are placed on NPO status aftecr
2400 h the day prior to surgery with the exception of children,
who may receive clear liquids up to 5 h prior to surgery. Due
to extraordinary fluid requirements in most burn patients, an
intravenous infusion, if not already 1in place, 1is begun the
evening prior to surgery.

Premedication. Glycopyrrolate (RobinulR), from 0.005 mg/kg
to a maximum dose of 0.4 mg/kg, is given intramuscularly 30 min
prior to anesthesia or intravenously upon entering the
operating room. No other premedications are routinely used
with the exception of diazepam preceding ketamine anesthetic.

Fluids. All fluids, except hyperalimentation solutions,
are changed to 5% glucose 1in water or Ringer’s lactate on
arrival in the operating room. Hyperalimentation solutions are
continued throughout operative procedures.

TYPES OF ANESTHESIA

The pattern of anesthetic administration has changed from
previous years and involves a greater use of enflurane, having
been used in more than 60% of all anesthetic procedures.
Ketamine, halothane, and isoflurane are used, but to a nmuch
lesser extent (Table 1).

Enflurane (EthraneR). Enflurane 1is a halogenated -ether
which provides rapid induction and good muscle relaxation.
Biotransformation amounts to 2 to 2.5% of an inhaled dose,
which perhaps accounts for the few clinical toxic effects
observed. Plasma fluoride 1levels in hypermetabolic burn
patients during and after enflurane administration have been
measured and found not to be in the toxic range. Enflurane is
presently the most commonly used anesthetic agent at this
Institute.
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Halothane (FluothaneR). Halothane is a halogenated alkane
that has met with only limited wuse over the last 4 yr.
Biotransformation can account for as much as 25% of an inhaled
dose. Halothane hepatitis, although rare, fortunately has not
been reported in burn patients. Since the successful
introduction of enflurane, few indications for halothane’s wuse
exist in this patient population that may be predisposed to
hepatitis from multiple transfusions with blood products.
However, its use is indicated primarily in the burned pediatric
patient who requires that his airway be secured by an
endotracheal tube. Halothane hepatitis has not been reported
to be an issue in the pediatric population. Therefore, its use
was increased in the burned pediatric patient population over
the past year.

Isoflurane (ForaneR). Isoflurane, which is an isomer of
enflurane, 1s the most recent halogenated ether to be
introduced. Biotransformation amounts to only 0.25% of an
inhaled dose and no toxic reactions to the metabolic products
have been reported to date. It has a rather pungent odor that

tends to limit its use for inhalational induction. It is noted
for producing minimal myocardial depression and a marked
reduction in systemic vascular resistance. At this time,

isoflurane has found limited use at this Institute, but as more
experience with this agent is gained, its wuse will probably
increase.

Nitrous Oxide. This agent is used in concentrations of 590
to 60% with oxygen. It is wused mainly in conjunction with
other analgesic or anesthetic agents.

Ketamine. This agent is wused both intramuscularly and
intravenously to produce its characteristic dissociative state
with preservation of basal functions and laryngeal reflexes
plus stimulation of the cardiovascular system. Unfortunately,
ketamine shares with 1its parent compound, phenycyclidine, the
production of a high incidence of wunpleasant hallucinogenic
side effects. There seems to have been a "batch" difference in
ketamine and that possessed by this Institute in the past has
produced an almost 100% incidence of these side effects. New
methods of administering the drug as well as various methods of
premedication and patient preparation appear to have reduced
the unpleasant emergence reactions to a level where they are of

little consideration in the well-selected patient.
Laryngospasm, airway obstruction, and regurgitation can occur
with ketamine. Pronounced blepharospasm prevents its use in

eye cases. All ketamine anesthetics, other than in children,
are preceded by intravenous administration of diazepam (0.15 to
0.2 mg/kg).

Suecinylcholine. Succinylcholine has not been used for any

purpose at this Institute for more than 10 yr. On the other
hand, nondepolarizing muscle relaxants (vecuronium bromide,
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pancuronium bromide, and atracurium besylate) have been used in
22% of the operative cases over the past year.

Regional Anesthetics. Regional anesthetics are generally
considered one of the safest methods available, but its use in
the thermally injured patient 1is limited for several reasons.
Sepsis and infection of the skin over or near the site of
injection are contraindications for wuse and multiple-site
operations also limit the practicality of this method.

MONITORING TECHNIQUES

Cardiovascular System. Monitoring includes the precordial
and/or esophageal stethoscope, peripheral pulse, blood
pressure, central venous pressure, Swan-Ganz catheter,
electrocardiogram, and urine output.

The DinamapTM blood pressure instrument is routinely used
for intraoperative blood pressure monitoring. Since it can be
used over dressings and is noninvasive, it is a most practical
method of monitoring blood pressure in our patient population.
Usually, blood pressure is monitored at two sites. Direct
arterial lines are used when necessary.

Respiratory System. Monitoring includes the rate,
auscultation, arterial blood gases, pulmonary functions (pre
and intraoperative), hemoglobin oxygen saturation, and end
tidal carbon dioxide. buring the past year, the introduction
of new noninvasive monitors has made a significant contribution
to the management of the thermally injured patient. The
measurement of hemoglobin oxygen saturation by pulse oximetry,
end-tidal carbon dioxide, and pulmonary function parameters all
represent no risk to the patient, are easily obtainable, and
are accurate. These monitors have become standard in our
anesthetic care of the burn patient.

Body Temperature. In most cases, a temperature monitor is
employed. Because of the greatly increased evaporative losses
in burn patients, hypothermia is a serious problen. Several
methods are employed to maintain body temperature during
anesthesia. Ambient temperatures were maintained between 82
and 87°F in the past; however, patient cooling still occurred.
Maintaining the room temperature above 88°F appears to have
corrected the problemn. Anesthetic gases are heated and
humidified. Radiant heat lamps used alone have been found to
have 1it§ﬁe effect in preventing patient cooling. The
K-thermia heating blanket is also sometimes used. It is
probably used most effectively on children weighing <10 kg and
febrile patients.

RESULTS

Complications. There were no intraoperative complications
during this reporting period.
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Patient Data. Tables 2 and 3 provide overall anesthetic
patient data.

Operative Procedures. Table 4 illustrates recent trends in
operative procedures.

PRESENTATIONS /PUBLICATIONS

Kingsley CP, Schmidt SI, and Reynolds WJ: A method for
securing ‘"piggyback" infusions (letter). Anesth Analg
65(2):209-210, 1986.
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Biologic and synthetic dressings offer utility in excised
burn wounds when immediate autografting cannot be performed.
Traditionally, allograft has been of demonstrated efficacy for
this purpose, yet inherent limitations have prompted a search
for alternative materials. A controlled prospective triﬁl was
conducted comparing a semisynthetic bilaminate (BiobraneT& and
an aldehyde-treated xenograft preparation (E-Z Derm ') on
paired excised burn wounds prior to autografting. Each
material was evaluated wusing a wound dressing index to
numerically rate five factors, i.e., adherence, conformation,
pliability, granulation tissue formation, and suppuration.
Both materials were highly rated in each catagory and th¥ﬁ
appear to be suitable substitutes for allograft. E-Z Derm
appeared to promote formation of a_, better and more graftable
wound bed (P=0.001) and Biobrane was judged more pliable

(P=0.03). No significant differences were noted in the other
three catagories or in autograft take following dressing
removal. However, considerable variability between sites was

noted for both materials.

A consistent and objective means for evaluating wound
dres&ﬁngs is presenﬁed and wused to assess the efficacy of E-2Z
Derm and Biobrane as temporary covers on excised burn wounds
prior to autografting. The wound dressing index presented
facilitates comparison of wvarious materials and assists in
defining the utility of each dressing in burn care.
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E-Z Derm'™ AND Biobrane® - A COMPARATIVE STUDY

INTRODUCTION

Closure of the burn wound 1is sine qua non to the recovery
of the thermally injured patient. Because lack of available
donor sites often delays wound <closure, alternatives to
immediate autografting have been advanced as temporizing
measures. Allograft has been widely regarded as the '"gold
standard" for temporary wound closure since its use in burns
was first advanced by Pollack in 1870 (1). Control of f£fluid,
electrolyte, and protein 1loss from the wound, support of the

production of a graftable fibrovascular bed, control of
microbial proliferation, and pain control are among the
recognized benefits of allograft wuse (2,3). Additionally,

increased survival with early burn wound excision and allograft
coverage has been documented in an animal model (4); however,
matching allograft availability with need, the diminished
effectiveness of frozen and lyophilized preparations, eventual
rejection, and storage requirements have imposed limitations on
its use., More recently, the potential for disease transmission
bodes ill for the widespread medical wuse of almost any human
material. As a result of these limitations, xenograft has been
utilized as an alternative to allograft for many years, with
porcine skin comprising the bulk of commercially available

products today. However, less than optimum durability and
wound adherence properties along with an incommensurate
antimicrobial effect have been drawbacks of porcine skin graft
use. For these reasons, a great deal of interest has been

generated in the development of modified biologic dressings and
synthetic materials to serve as temporary substitutes for
autograft. A collagen-synthetic bilaminate membrane has been
documented to be efficacious when compared with Qﬂrcine
xenograft and human allograft. Recently, E-Z Derm , an
aldehyde-treated porcine dermal preparation, has been
introduced and reportedly shares some of the desirable
properties of xenograft with the added advantages of room
temperature storage, longer wound retention times, and
decreased antigenicity (5,6). Both of these materials would
therefore appear to be useful alternatives to allograft use in
the treatment of partial-thickness wounds and as temporizing
measures in excised full-thickness wounds when donor site
availability limits definitive autografting.

To evaluate the later, a controlled prospective comparative
trial of these two dressings on excised burn wounds prior to
autografting was conducted. Utilizing a previously described
wound dressing index to quantify differences in each of five
categories regarded as essential properties of wound drecsings
(7), meaningful data was obtained to facilitate efficacy
determinations. Use of this system allows for comparison of
the various biologic and synthetic dressings which are becoming
available for clinical use.
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MATERIALS AND METHODS

ixteen sites were compared in 11 patients with a mean age
yr {range 24-68 yr) and a mean total body surface area
! TBSA}) burn of 54% (range 42-88%). Sites were comparable with
respect to anatomic location, method and depth of excision, and
size. In all cases, tangential excisicn (11 sites) or fascial
excision (5 sites) to the level of viable tissue was followed
by immediate dressingTMplacement after hemostasis was obtained

{Table 1). E~Z Derm (Genetics Laboratories, St. Paul, MN)
was applied in 3-in wide strips, with weither side placed
against the wound surface. These sites were subsequently

wrapped with light gauze dressings for 18 to 24 h to prevent
early mechanical disruption during transport and recovery from
anesthesia, following which the test sites were left open for
observation. iobrane” (Winthrop Pharmaceuticals, Santa Anna,
car of appropriate size was expanded until taut and
wrinkie-free and stapled into place. All excesses were trimmed
as necessary. An occlusive dressing was subsequently applied
for 24-35 h to allow for initial adherence of the Biobrane to
the wound.

S = Q@ or

Evaluation. Ccnformation of the dressing to the wound
surface was assessed by the patient’s primary operating surgeon
at the initial dressing application and numericallv rated as

deemed appropriate (Table 1). Dressing pliability was likewise
rated from observations made at application and during the
course of treatment. Daily observations were recorded by the

patient’s praimary physician for the ©purpose of assessing
adherence of the test dressing and the presence of air pockets,
fluid, or frank suppuration beneath the material. Large areas
of nonadherence or suppuration beneath the dressing
necessitated removal, culture, and treatment of the site with
topical agents (mafenide acetate and silver sulfadiazine)
applied twice daily. Small areas of fluid accumulation were
locally excised and treated topically wuntil reapplication of
the dressing was clinically indicated. When adequate donor
sites were available and the patient’s condition permitted,
dressing removal and autografting were performed. At this
time, the formation of a graftable bed of granulation tissue at
the wound dressing interface was assessed. Each dressing was
therefore compared with respect to these five properties
essential to the Dbiologic and mechanical function of the
material. Additionrally, autograft "take" on each test site was
recorded.

Statistical Analysis. The Wilcoxon matched~pair
signed-rank’s test and the Friedman two-way analysis of
variance were used to test against the null hypothesis that no
difference exists between the two test materials 1in each
category assessed.
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TABLE 1. Definition of Grading Scales

Formation of Granulation Tissue

None

Scanty with irregular distribution and wound debris
Irregular surface with wound debris or superficial exudate
Clean granulating surface with minimal fibrosis or debris
Beefy red, uniformly smooth, clean

(S -V SR g
LI I I B

Presence of Suppuration

1l = Frankly purulent collection beneath dressing

2 = Moderate seropurulent collection beneath dressing
3 = Slight seropurulent collection beneath dressing

4 = Slight serous collection beneath dressing

5 = None

Adherence to Test Dressing

Slides off test site spontaneously

Easily dislodged

Easily removed with forceps

Strips off with resistance

Strips off with resistance and brisk bleeding

(S SRS S
| I I I I

Conformation to Wound Surface

1 = Buckled, wrinkled, poor wound contact

2 = Conforms only to flat wound surface

3 = Torsion and tension must be applied to gain maximal wound
surface contact with minimal wrinkling present

4 = Torsion and tension must be applied to gain maximal wound
surface contact with no wrinkling present

S = Mimics skin

Pliability of Test Dressing

Stiff prior to wound application

Loses pliability unrelated to recipient test site condition
Loses pliability related to absorption of wound exudate
Maintains most of its pliability despite absorption of
wound exudate

= Mimics skin

w oW N -

For each of the five factors 1listed, a rank of 1 is the 1least
desirable rank and 5 is the most desirable rgnk. These ranks
have been tailored for evaluation of Biobrane and porcine.
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RESULTS

The mean scores in each of the five categories assessed in
the 16 paired sites and the percent graft take in the 10 sites
which were grafted are presented in Table 2. Statistically,
significant differ%ﬂces were noﬁed in two categories when
comparing E-Z Derm and Biobrane .

Granulation tissue formation beneath the dressing at the
time_,qf definitive autograftina was rated better on the E-2
Derm sites (P=0.001). This difference was particularly
notable over wound beds excised to fat. Nonhypertrophic, beefy
red granulation tissue was felt to represent an optimum site
for autografting. Prior experience has demonstrated that
removal of adherent dressing on the "best" sites was
accompanied by brisk bleeding and some resistance to the
removal of the test dressing. Graft "take"” on each of these
sites which progressed to autoqﬁafting was eva&uated, resulting
in 94 and 85% for E-Z Derm and Biobrane™, respectively,
although this difference failed to reach statistical
significance in the 10 sites which were grafted. The control
of wound suppuration was essentially equal for both materials,
with both materials controlling wound exudate relatively well
for the initial 14 days of application. After 14 days
postapplication, both materials were noted to have small serous
fluid collections to a greater extent, necessitating 1local
debridemgnt. Additionally, frank purulence on three separate
Biobrane study sites was noted on pogtapplication days 15, 17,

and 18, necessitating total Biobrane removal from two sites
and partial removal in the third. All fluid collections were
cultured and correlated with & e clinical course. Similarly,

in two patients with E-Z Derm placed on nonexposed surfaces
(posterior thighs and legs), nonadherence as a result of shear
and fluig at the wound-dressing interface necessitated removeﬁ.
Biobrane” was rated higher in pliability than E-Z Derm ',
conforming to any surface well. Thi was particularly
adventageous over joints where Biobrane could be applied,
permitting continued joint motion with little disruption of the
wound bed.

Both materials were highly rated with regard to
conformation to the wound surface, receiving equivalent scores.
Likewise, adherence was comparable. In these categorie@n
however, considerable site specificity was noted. E-Z Dern
performed better on flat anterior surfaces while Biobrane
performed better on dependent surfaces, particularly when
applied circumferentially.

Dressings were permitted to remain in place unt'&
autografting, patient death, or suppuration. E-Z Derm
remainedRadherent an average of 18.5 days (range 8-46 days) and
Biobrane 13 days (range 7-21 days). Suppuration beneath the
dressing constituted the major reason for removal of dressings
prior to autografting.
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TABLE 2. E-Z Derm M and BiobraneR: Wound Dressing Index
Values
Factors Sites E-Z DermTM BiobraneR

Adherence 16 3.9 3.6
Conformation 16 3.8 4.1
Granulation tissue 16 4.5% 2.9%
Pliability 16 3.4%% 4,3%x%
Suppuration 16 4.3 3.4
Graft take 10 94% 85%

*pP=0.,005.

**P=(0,03,

In one patient with septicemia and pneumonia, Pseudomonas
aerugirosa was cultured from beneath both dressing sites after
removal for progressive suppuration. Positive cultures
necessitated wet-to-dry treatment of the wound with mafenide
acetate-soaked dressings twice daily wuntil such time as
biologic dressing could again be applied.

When primary physician preference was recorded at
completion of each study patient, there was no significant
difference noted between the dressings (Table 3). No adverse
local ur systemic reactions were noted during the course of the
study.

DISCUSSION

In recent vyears, biomedical technology has afforded the
clinician caring for the thermally injured patient with a
number of biologic and synthetic dressings for use when wound
coverage is problematic (4,8,9). This group includes patients
where adequate donor sites or general «condition prohibits
definitive autografting following excision of nonviable tissue.

The necessary mechanical and physical properties of skin
substitutes and biosynthetic materials available for topical
wound closure have been outlined. Roberts et al (7) has
previously defined characteristics important to temporary burn
wound dressings and outlined a wound dressing index for use in
comparing various materials. & bioicgit dressing should
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TABLE 3. Physician Preference for Future Use

E-Z Derm Biobrane®
Definitively 6 3
Probably 1 3
Maybe 3 4
No 1 1

control water evaporation and protein 1loss from the wound,
support production of a graftable fibrovascular tissue bed,
facilitate infection <control at the wound interface, remain
adherent, and conform to the wound surface until definitive
wound autografting can be effected. Optimally, these materials
should be easily stored, applied, and maintained. Autograft
has been traditionally used for this purpose, but availability
and cost can greatly limit its utility (10). Xenograft has
thus subsequently enjoyed wide use and 1is generally more
available than allograft, although this material, too, is not
without certain limitations (11}). Storage requirements, the
need for frequent replacement, and the 1less than optimal
handling characteristic of lyophilized and frozen preparations
have inspired the search for alternative materials. Numerous
biologic materials, synthetic polymers, and combinations of
these have been marketed with fervor in recent years. A great
deal of interest has been generated comparing the properties of
the many new dressings now available. The recent advances in
the field, however, militate for a standardized set of criteria
for use 1in comparing various biologic dressings and skin
substitutes. Only then can consistency be achieved in
evaluations within and between burn centers. Data controlled
with regard to each dressing can thus be analyzed more
effectively to define important properties of each material and
optimize their use.

In the current study, both dressings appear to be suitable
substitutes for allograft. On certain excised sites, each
dres§hng has been shown to be advaatageous as outlined. E-Z
Derm proved superior to Biobrane in the promotion of a
graftable fibrovascular bed. This was particulary noteworthy
on wounds excised to fat. Likewisg, patient needs would be
better served by the use of Biobrane on depodent, nonexposed
surfaces and over joints.

Using a standardized wound dressing index, current and new
biologic and synthetic dressings can be systematically
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evaluated in a prospective fashion with better definition of
the advantages and limitations of each. The use of a wuniform
grading system will allow for a more meaningful analysis of
results.
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The evaluation of a collagen-based synthetic wound dressing
in the treatment of full-thickness burn injury was conducted at
this Institute as part of a multicenter study of this material.
Artificial Skin, a bilaminate membrane which consists of a
distinct dermal and epidermal portion, was compared to
autograft and allograft after excision of full-thickness burn
wounds.

Seven patients were entered into the study since its
inception, including 3 patients during the period of this

report. The average total body surface area burn was 45%
(range 29-70%). Artificial Skin was used on sites averaging 9%
of the total body surface area (range 6-13%). Autograft served

as the control site in 6 patients and #llograft was used &s a
temporary wound dressing on the control site in 1 patient.
Mean healing time from 1initial excision was 61 days (range
51-81 days) for the Artificial Skin sites after definitive
epidermal autografting, 35 days (range 14-63 days) for
autografted control sites, and 67 days for the site initially
covered with allograft prior to autografting.

Complications with the wuse of Artificial Skin included
total loss of the material secondary to infection_ (1l patient),
premature separation of a portion of the Silastic™ component (4
patients), shallow wrinkling in the 1initial postoperative
period (1 patient), hematoma beneath the <collagen matrix
requiring evacuation and replacement of the dressing (1
patient), significant loss of the epidermal grafts (1 patient),
and failure of the neodermis to vascularize sufficiently to
accept epidermal grafts (1 patient). No deaths or septic
complications attributable to the material were cbhserved.
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As a dressing on excised burn wounds prior to definitive
autografting, Artificial Skin served to protect the wound from
infection (6/7 patients) and provide a graftable fibrovascular
bed (4,7 patients). Additionally, donor site healing time for
the thin "epidermal" grafts was significantly shorter than the
standard 0.004-in split-thickness grafts, 9.6 days vs. 14 days,
respectively (P<0.001).

48




A STUDY TO EVALUATE THE EFFECTIVENESS AND SAFETY
OF ARTIFICIAL SKIN IN THE TREATMENT
OF THIRD DEGREE FLAME OR SCALD INJURIES

INTRODUCTION

Tangential excision of full-thickness burn wounds with
immediate autografting are the standard in modern burn care.
However, in extensive burn injury, the limitation of donor site
availability is often problematic. Additionally, repeated
autograft harvesting and the application of widely meshed
autograft to achieve coverage provide for less than optimal

long~term coverage. The promotion of a "scar epithelium" is
the end result, with a tendency for contracture, breakdown, and
poor cosmesis. To date, no acceptable permanent replacement

for autograft has been developed, although biologic dressings
and skin substitutes are now extensively wused to meet the
immediate needs of wound coverage when autograft 1is not
available (1-7).

Artificial Skin (IntegraR, Marion Laboratories, Kansas
City, MS) was designed to achieve the advantages of immediate
coverage and to provide for a long-term analogue to skin (8).
Artificial Skin is a bilaminate material consisting of distinct
dermal and epidermal analogues.,. Composed of a polymer of
chondroitin-6-sulfate and collagen, the dermal portion provides
a template for the ingrowth of capillaries and fibroblasts

with, in theory, the formation of a neodermis onto which
definitive "epidermal" grafts can be placed to effect final
wound closure (9-11). The outer "silastic" portion, which is

ultimately removed prior to epidermal grafting, is designed to
meet the immediate short-term needs of a temporary wound cover,

i.e., control of water and protein 1loss, reduction of heat
loss, provision of a barrier to bacteﬁial invasion, and pain
control. Composed of a 0.1-mm Silastic  sheet, it is designed

to be removed after formation of the neodermis and at a time
when the patient’s condition permits epidermal autografting.
Unlike autografting 1in the traditional sense, which has a
significant dermal element, the recipient neodermis requires
only a thin epidermal graft (0.004 in). The end result |is
coverage with a better dermal base than could be achieved
normally when donor sites are limited. The donor site is also
reported to heal more rapidly, allowing for more frequent
epidermal harvests (9-11).

Artificial Skin was used in this study in a prospective
trial on paired full-thickness burn wounds following excision,.
Objectives asssessed included the ability of Artificial Skin to
effect immediate wound coverage, the healing time of Artificial
Skin sites, the quality of healed sites, adverse reactions, and
effects on patient management. Subjective evaluations for each
site by each patient and the 1investigator were also recorded
one month and two months following definitive closure.
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MATERIALS AND METHODS

Patient Criteria. Patients weligible for entry into this
study were those hospitalized with extensive thermal injuries
which were life-threatening and/or covered at least 10% of the
total body surface area and, in the opinion of the
investigator, would not heal within 3 wk and were amenable to
excisional therapy. All patients were hospitalized within 24 h
of the burn and underwent excisional therapy of their wounds.
The wounds utilized for evaluation were similar in size and
site. Excision of the wound was initiated within 7 days of
injury and was completed within 21 days of injury.

Wound Management. Burn wounds were excised to the level of
viable tissue as jvdged by color, texture, and the presence of
punctate bleeding. Both tangential and fascial excision were
employed as appropriate. Tourniquets, topical thrombin, and
warm laparotomy sponges were used to effect hemostasis as
needed.

Using a computer-generated randomization scheme,
comparative sites were designated to receive either Artificial
Skin or coverage with autograft or allograft. Autograft was

meshed either 1.5:1 or 3.0:1 and expanded as appropriate.
Prior to <coverage, each site was biopsied for microbiologic

assessment. Autograft and Artificial Skin are stapled 1into
place using small surgical «clips prior to coverage with an
occlusive dressing treated with mafenide acetate.

Immebilization as appropriate was also employed.

Autografted site dressings were removed on either the third
or fourth postoperative day and as necessary thereafter.
Artificial Skin dressings were removed on the third
postoperative day and subsequently left exposed. Fluid
collections beneath the dermal element or the Silastic were
aspirated and cultured. Nonadherent areas were sharply
debrided. Control autograft sites were routinely treated. At
approximately 14 days after application, epidermal autografting
was performed. Under general anesthesia, epidermal grafts were
taken with the Padgett dermatome set at 0.004 inch. These wer
meshed 1.5:1 and applied to the neodermis after Silastic
removal. Epidermal grafts were then dressed with a single
layer of fine-mesh gauze followed by an occlusive layer of
coarse-mesh gauze treated with mafenide acetate. Because of
the extremely friable nature of these thin grafts, dressings
were allowed to remain 1in place until the fifth postoperative
day, at which time the course-mesh layer was removed. Clean
fine-mesh gauze was permitted to remain in place until the
seventh to tenth postoperative day. Occlusive dressings were
employed at this stage for approximately two more weeks,

Effectiveness Evaluation. Artificial Skin was compared to

conventional covers. The primary end point for evaluating the
efficacy of Artificial Skin was the time from placement of the
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definitive epidermal autograft to final closure. Additionally,
the "take" of Artificial Skin to the wound bed, the maintenance
of the Silastic ‘"epidermis" to the "dermal" element, and the
"take" of the final epidermal graft to the neodermis were
evaluated for Artificial Skin. The "take" of the other
dressing to the wound bed and the "take" of the definitive
autograft were evaluated. The method of removal of
nonautograft dressing and the difficulties encountered in their
removal were recorded. Another ©parameter assessed was
infection at the sites. Following excisionR the wcunds were
cultured. Following removal of the Silastic™, the dermis was
cultured and after removal of the comparative cover at the time
of autograft, the wound was also cultured. At any time when
clinical evidence of sepsis or infection was apparent, a
culture of both the Artificial Skin and the comparative site
were obtained from the area that was clinically determined mosct
likely to be infected.

Rates of wound healing were compared between the two
materials used. Both wounds were rated after final healing as

to percent of autoepidermal or autograft "take" anu
serviceability of the cover. Comparisons also included the
cosmetic appearance of the wound sites. Photographic
documentation of all sites was obtained. Subjective

evaluations by the participating patient and the 1investigator
were made at one and two-month periods after in.tial placement
of the material.

Safety Evaluation. Patient safety was evaluated by
obtaining vital signs at a minimum of every 6 h until the
patient was felt to be clinically normal. 1Intake and output
were continuously monitored at a minimum of every 24 h. SMAC
profiles, routine hematologies, and wurinalysis were obtained
just prior to the first application of Artificial Skin, weekly
thereafter until all comparative and the noncomparative study
sites were grafted and healed, and on the last day of
hospitalization. Each patient had blood samples drawn tor
determination of antibody formation to Artificial Skin, bovine
collagen types I, II, and III, and human collagen types I, 1II,
and III. Tissue samples were taken by biopsy from the sites at
which Artificial Skin was applied for histologic evaluation of
the neodermis at defined 1intervals during the 1initial two
months after application. Adverse reactions, including both
clinical events and laboratory wvalues attributable to the use
ot Artificial Skin, were noted.

Analysis of Results. The various assessment parameters
that were considered in this study included time to final wound
cover, percent "take" of autograft, percent "take" of
Artificial Skin, level ©of bacterial invasion at each site,
relationship of septicemia to site invasion, incidence of
adverse reactions, immunological changes (tissue and/or blood),
final cosmetic outcome, and patient’s subjective assessment.
Application of the Fisher sign test, in most cases, was used to
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test against the null hypothesis that no difference exists
between Artificial Skin and control materials. The student’s
t-test was used where applicable to healing times.

RESULTS

Seven patients (6 male, 1 female) were entered into the
study. Mean patient age was 30 yr (range 21-38 yr). Average
total body surface area burn size was 47% (range 24-70%) with
an average full-thickness burn size of 31% (range 18-45%).
Study sites ranged 1in size from 6 to 13% of the total body
surface area (mean 9%). All patients received initial
placement of the Artificial Skin and control <cover within 6
days posthurn. Control sites were covered with 0.015-in thick
split-thickness autografts in 6 patients and allograft in 1
patient (see Table 1).

Figure 1 shows the excision to viable tissue, while Figure
2 depicts the postoperative result in one patient who underwent
autograft placement to the right chest (control site) and
Artificial Skin application to the left chest. Following
initial excision and Artificial Skin placement, definitive
autografting of the neodermis was conducted as determined by an
obligaterv 10 to l4-day period for graftable neodermis
formation, availability of donor sites, remaining wound status,
and overall patient <condition. Neodermis following Silastic
removal has the appearance of a smooth, uniform fibrovascular
bed (Fig 3) to which harvested epidermal autografts (0.004 in
thick) were applied (Figs 4 and 5). Although vigilance was
necessary so as not to damage these extremely delicate grafts,
technique was otherwise similar to traditional autografting.

Table 2 depicts the number of days postburn for excision
and application of Artificial Skin and the control cover, the
number of days after Artificial Skin application for epidermal
grafting, and the number of days postburn and postexcision to
achieve a healed wound for each site. The end point of final
closure denotes 100% epithelial coverage exclusive of
subsequent breakdown secondary to trauma, blistering, etc.,
which in some cases resulted in prolonged hospitalization or
the need for further operative intervention. 1In all cases, the
achievement of a healed wound was effected sooner on the
control site as compared to the Artificial Skin site, an
observation which is not surprising given the results achieved
with the current method of split-thickness skin grafting. The
final coverage achieved with epidermal autografting, however,
appeared to be much the same as traditional autografting in the
early period after wound closure (Fig 6). No differences were
noted in wound texture, pliability, tendency for breakdown,
edema, or blistering by the investigator or the patient at one
and two months Zollowing definitive closure. Artificial Skin
and aut~graft "take" to the excised bed, final epidermal graft
"take' to the neodermis on the artifical Skin sites, and
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FIGURE 3.
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FIGURE 6. Control and Artificial Skin sites 3 wk after final
epidermal autografting. Differences in color are
the result of grafts taken from previously harvested
donor sites,
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auvtogratft "take" to the contrel site initially prepared with
allograft (patient 7) are noted in Table 3.

Complications. Fluid collectioa beneath the silastic®
layer and separation of the Silastic from the dermal analogUﬁ
were maiovr complications (Table 3). Near total Silastic

separation before epidermal autografting occurred in patients 1
and 2, necessitating coverage of the neodermis with biologic
dressingpand the wutilization of 5% mafenide acetate soaks.
Silastic separation in patients 3 and 4 prior to epidermal
autografting was, however, only 10% (Fig 1!. Small fluid
lections have usually been in areas of wrinkling and have
n sterile in all cases. In patient 3, who had Artificial
n placement on postburn day 3, wrinkling was a prominent

ture and attributed to a postresuscitation decrease 1in
preripheral edema. "Take" of Artificial Skin to the excised beg
was unaffected in this patient, yet wrinkling of the Silastic
required frequent evacuation of fluid and shar? debridment of
the wrinkled areas.

rn () 70
RO O
- (D b
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In patient 1, postoperative bleeding requirsd evacuation of

a hematoma from a previously dry graft b-d >th control and
srrificial Skin sites one day postoperacive Reapplication
2f autograft and Artificial Skin resulted in 100% "take" on
both sites, No septic complications nave resulted to date.

Complications are summarized in Table 4.

Donar Sites. Donor site healing times were recorded in all
cases for the purpose of comparing differences between the
traditional thickness autografts (0.015 1in) and epidermal
autcograft (0.004 in) used to graft the n2odermis. In most
~ases, because control sites were autografted at the initial
cperative procedurz >.acement, most o©f these donor sites were
previcusly unharvestad (8 sites) or had only one prior harvest

2 sites). Epidevma. aatografts to the neodermis were initial
harvest (1 site), seccnd harvests (6 sites), third harvests (5
sites), and four harvests (1 <case) of the same site. Healing

times for each dcaior site thickness are depicted 1n Table 5.
Cenor site healing was constant regardless of the number of
prior harvests. Withovrt regard to prior harvests, thin
autngraft donor sites healed faster than thick autograft donor
sites, 9.6 days and 13.6 days, respectively (P<0.001),

Subjective Evaluation. No significant site preference was

noted at the one-month or twe-month physician evaluation. Two
patients preferred control autograft sites to Artificial Skin
cites, 1| patient preferred the Artificial Skin site, and 1

patlient expressed no preference.

Iimmunology and Biopsy Results. o significant host
antibhody response  to human collagen or bovine collagen at 3
and % wk postapplication was ncted.
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TABLE 5. Donor Site Comparisons

Prior Epidermal Autograft Standard Autograft
Harvesting (0.004 In) (0.015 1In)
0 1/8 8,/13.5
1 5/9 2/14
2 5/10.4 -
3 1/11 ~
TOTAL 13/9.6* 10/13.6*
DISCUSSION

The relatively small size of our study population precludes
reaching any definitive conclusions regarding the overall
safety and efficacy of Artificial Skin. However, when analyzed
from the multicenter study population of 150 patients, results
should provide for more conclusive observations as to the
utility of this wound dressing.

Experience to date does show that this material may be
useful in patients with wvery large burns where excision |is
desitrable, yet donor site availability is limiting with respect
to wound closure. In these patients, Artificial Skin that
requires a minimum of care until final closure can be effected
may provide a means for covering large surface areas of excised
wound. Thin "epidermal" grafts appear to provide adequate
coverage with the added advantage of more rapid donor site
healing.

Subjectively, Artifical Skin appeared to be more successful
on large, relatively flat, nondependent, nonmobile surfaces.
Excess wrinkling of the collagen mat and silastic layer was
observed about joints. Shear of the material was observed on
dependent surfaces.

While infection beneath the material was not a major
problem at this center and septic complications as a result of
Artificial Skin placement were not observed, Artificial Skin
was observed to separate rapidly from an infected wound bed
(patient 5). In this patient, 40% of the collagen mat required
removal from the study site and near total autograft loss on
the control site was observed.

More widespread wuse of this skin substitute will permit
definition of the patient population for which Artificial Skin
has vtility, identification of the optimum manner in which it
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to be usea to maximize 1ts unique properties, and

delineation of 1its overall impact on patient management and
coutcome. Only by further prospective analysis can these and
other important guestions be answered i1n a meaningful fashion,
with the inclusion or exclusion of Artificial Skin to the
developing treatment aramenture.
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During this reporting period, 5% aqueous mafenide acetate
dressings have continued to be an efficacious treatment
modality in the «care of the burn wound. One hundred and
seventy-five patients were treated with 5% aqueous mafenide
acetate dressings, employed either for final debridement of a
wound or following application of meshed cutanecus autograft to
prevent desiccation of tissue exposed in the interstices of
such grafts. An 11.4% incidence of skin rash (atopy) was noted
as the only adverse reaction. The clinical results achieved by
the use of 5% aqueous mafenide acetate solution strongly
support its continued use.

BURN INJURY

TOPICAL THERAPY

5% MAFENIDE ACETATE SOLUTION
VOLUNTEERS




5% AQUEOUS SULFAHYLONR SOAKS USED IN TOPICAL TREATMENT
OF BURNED SOLDIERS

During this reporting period, the evaluation of
5% ageous mafenide acetate solution for topical treatment of
the burn wound hLas continued at this Institute where it was

used in 175 of 216 patients (81.2%). The 5% aqueous mafenide
acetate-soaked dressings are wused as wet-to-dry dressings to
debride nonviable tissue elements in preparation for

split-thickness autograft procedures or as continuous wet
dressings to protect freshly excised wounds that are not
autografted. In addition, when meshed cutaneous autografts are
applied, dressings are soaked with 5% aquecus mafenide acetate
solution to decrease the rate of bacterial growth and to
prevent desiccation of tissue exposed in the interstices of
such grafts.

Twenty patients (11.4%) demonstrated allergic reactions
(atopy) with the wuse of 5% aqueous mafenide acetate solution
and these 20 patients demonstrated rapid resolution of the
atopic reaction following administration of an antihistamine
and/or discontinuation of the 5% aqueous mafenide
acetate-socaked dressings. Saline or other aqueocus topical
antimicrobial agents were substituted when 5% aqueous mafenide
acetate-soaked dressings were discontinued and no other adverse
reactions were noted in this group of patients.

The use of 5% aqueous mafenide acetate-soaked dressings has
continued to be efficacious, both in the preparation of the
burn wound for cutaneous autografting and in the prevention of
desiccation of ungrafted granulation tissue. In addition,
5% aqueous mafenide acetace solution 1is most helpful 1in
preventing desiccation or premature bacterial colonization of
meshed cutaneous autografts. The dressings over such meshed
autografted skin can be left in place for an average cf 3 days,
allowing development of good adherence of the autografts prior
to the first dressing change. The efficacy and the 1low
incidence of adverse side effects speaks for continued use of
this solution.
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Residency training may disrupt normal sleep/wake <cycles,
resulting in mood and performance deficits and alterations 1in

biclogical rhythms. To characterize such disturbances and
determine whether they are associated with an alteration in the
day./night pattern of melatonin excretion, measurements were
obtained around-the-clock in 7 male subjects, each studied in
two 48-h sessions. Session 1 was conducted during the week
before beginning a residency, and Session 2 at 6 months into a
first-year surgical residency. The mean time of the end of

nocturnal! sleep and the timing of the temperature rhythm were
both approximately 2.3 h earlier in Session 2 (P<0.01 wvs.
Session 1). The sleepiness rhythm and the overall mood score
rhythm were also phase-~advanced in Session 2 (P<0.05). The
mean value of mood around-the-clock was significantly woise due
to increased anger, tension, confusion, depression, and fatigue
in Session 2. Vigilance, tested by simple reaction time, did
not exhibit a 24-h rhythm and was worse 1in Session 2 with an
increase in lapse time (microsleep, >! sec latency, P-0.01).
The urinary cortisol rhythm exhibited a raised curve average
value (mesor) 1in Session 2 (P<0.05 vs. Session 1), but no
difference was revealed in amplitude or acrophase. Urinary
excretion of Na+, K+, and Cl- did not differ between sessions,
though the Na+/K+ ratio peaked earlier in Session 2 (P<0.05).

The urinary 6-sulfatoxymelatonin rhythm did not differ in

timing, amplitude, or mesor between sessions. A residency
training schedule can be associated with altered timing in
rhythms of sleep, sleepiness, temperature, and mood, and
deterioration of mood and performance without detectable

alteration of the endogenous melatonin pattern as exhibited by
the excretion rate of the principal urinary metabolite.
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Nontrauma stress can result in desynchronizing of
biorhythms, raising the possibility of dyssynchrony in severe
traumatic stress as well.

PINEAL

MELATONIN
ELECTROLYTES
SULFATOXYMELATONIN
PERFORMANCE

STRESS

SLEEP DEPRIVATION
VOLUNTEERS
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ALTERATIONS OF TEMPERATURE, SLEEPINESS, MOOD, AND PERFORMANCE
IN A NONTRAUMA, NONILLNESS STRESS MODEL ARE NOT ASSOCIATED
WITH CHANGES IN SULFATOXYMELATONIN EXCRETION

INTRODUCTION

The pineal gland has a profound influence on thyroid and
reproductive function 1in experimental animals (1), though
pineal control of these systems in humans has not yet been
documented. However, burn injury causes marked suppression of
the thyroid and reproductive axes in humans (2), as well as
suppression of the nocturnal surge of melatonin (3), so far the
only major pineal hormone recognized. Whether these phenomena
are connected in a mechanistic way has not yet been determined.

First, it was necessary to address the guestion of whether
the alteration of the melatonin rhythm in burn injury 1is
related to injury/illness or is a nonspecific concommittant of
stress in general. In this report, we have utilized a model
(residency training} that contains many elements of stress not
connected with trauma or 1illness per se in order to assess
potential changes in the excretion of the principle melatonin
metabolite, which has been shown to be an excellent marker for
pineal function.

Serum concentrations and wurinary excretion of the pineal
hormone, melatonin (N-acetyl-5-methoxytryptamine (aMT)) and its
major metabolite, 6-sulfatoxymelatonin (aMT.6s), are highest at
night (4). Although administration of aMT reportedly induces
sleepiness, apparently normal sleep during the day or night can
occur without an acute surge of aMT, and sleep deprivation does

not acutely disturb the nocturnal aMT surge (5,6). However,
the rhythm shifts over 1-2 wk to accommodate a change in the
timing of sleep and darkness (7,8). On the Dbasis of

(a) deteriorations of mood observed after acute (9) or chroni:
(10) administration of large doses of aMT, (b) the ability of
exogenous aMT to induce sleepiness (11-13), (c) the blunted
endogenous nocturnal surge of aMT seen in depressed patients
(14-17), (d) the occurrence of jet lag symptoms early in the
course of phase-shifting the aMT rhythm (18), and (e} the
covariation of urinary aMT, fatigue, and depressed performaance
within a 24-h time frame (19), the gquestion arises as to
whether temperature, sleepiness, mood, or performance might be
controlled by the rhythm or endogenous 1levels of aMT. The
literature on sleep deprivation 1in residents is scarce and to
our knowledge no study has been conducted wusing circadian
principles. It is well known, however, that residency training
requires a diurnal working schedule with additional night work.

Negative mood ~changes and impaired peformance have been
reported in this population as a result of rigorous training
schedules (20-28). We have therefore tested the hypothesis
that changes in sleepiness, mood, and performance in residency

73




training might be associated with a detectable alteration of

the melatconin metabolite excretion rhythm. Because the urinary
aMT.bhs rhythm is a good reflection of the seruin aMT rhythm and
it was not possible to obtain blood samples in this study, we
have used urinary aMT.6s to assess the melatonin rhythm. We

alsn assessed the characteristics of temperature, cortisol, and
electrolyte fluctuation under the same conditions.

MATERIALS AND METHODS

This investigation was conducted 1in two 48-h sessions for
each subject, i.e., within the week prior to a first-year
surgical residency (Session 1) and approximately 6 months 1into
residency (Session 2). The protocol was approved by the
Institutional Review Board of the Youngstown Hospital
Association, Youngstown, Ohio, where 5 subjects were studied.
Two subjects were studied at the Harrisburg Polyclinic,
Harrisburg, Pennsylvania, with an 1identical protocol. All
subjects prcvided informed consent.

Subjects. Seven males entering a first-year surgical
residency volunteered for this study. The residency prog. am
involved at least one on-cail night every 4 days, 1including
approximately 2 weekends per month, without a day off duty
after an on-call night, resulting in 85 to 130 h of service per
week. Subjects were considered healthy by means of «clinical
and laboratory examinations and ranged in age from 25-34 yr, in
weight from 59-108 kg, and height from 165-189 cm. Prior to
residency, they did not have a history of trouble sleeping. No
subjects reported any mental illness during their lives or in
their families. No subjects had crossed time zones within 2 wk
prior to Session 1. Subjects followed a normal diet with no
restrictions, were nonsmokers, and agreed not to consume
alcohol during periods of testing.

Sleep/Wake Log. Each subject kept a sleep/wake 1log in
which he recovrded his sieep/wake schedule for 2 to 3 days prior

to Session 1 and for 1-2 wk prior to Session 2. Assessments of
sleep related to a session were based on mean or pooled sleep
data for a given subject over this period. During each
session, light exposure (100-1000 lux 1in the hospital) was
uncontrolled with the exception of subject testing rooms (<100
lux). Sleep (in the dark) was interrupted for nocturnal

testing unless the subjects were already awake in relatica to
work.

Stanford Sle=giness Scale (S88S). This scale was designed
to quantify stages of the alertness-sleepiness continuum (29).
At 3-h intervals concurrent with temperature recording and
urine voiding, subjects circled 1 item in a scale with wvalues
from 1 (feeling active and wvital, wide awake) to 7 (almost in
reverie, sleep onset soon, lost struggle to remain awake), with
actual sleep time being 8.
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Temperature (Tewmp). Oral temnp was recrazi ot It
intervals throughout each 48-h s> siaon, v o L
instructed not to exerrica, ob-o - S A SR U N I R A S
before temp meas:vemnl,

Urinary Collection. Under ologe supervision, each subject
was provided with sterile oplastic containers without adaed
chemicals and was instructed to collect all wurine for each

separate 3-h interval with a wvoiding at the end of eacnhn
interval. After storage at 4°C for up to 3 h, volures were
recorded and specimens were aliquoted intc polypicpylene  tubtes
and stored at -60°C until analysis,

The Profile of Mood States (POMS). A standardize,

self-rated 5-point scale (ranging from ¢ = "not at all" ko 4 =
"extremely") for 65 mood adjectives, this test (30) sacg
administered every 6 h, taking approximately 2 min. It vie'cs
6 component variables, i.e., tension-anxiety,
depression-dejection, anger-hostility, vigor-activity,
fatigue-inertia, confusion-bewilderment, and an integrate.l
overall score representing a global index of mood and

constituting the 7th POMS variable.

The Serial Search Test (SST). The SST (31) was given at
6-h intervals and required approximately 1 min. The subject
was presented with a line of 30 random upper case letters con
the video screen and searched for the occurrence of the letter
"E". The time (to the nearest 10 msec) required to signal its
presence or absence was recorded for 32 trials per test to
calculate a mean latency. The very few =errors were not
excluded from the analyzed data.

The Verbal Reasoning Task (VRT). The VRT (31} included a
randomly shuffled set of 32 <gstatements describing a letter
pair, e.g., "M does not precede C. CM."). Approximately 2 min
were required to obtain a set of responses ("true" or "falsge"
for which a mean latency (not excluding the very few o.trovs;
was calculated at 6~-h intervals.

The Wilkinson’s Unprepared Simple Reaction Time Test
(USRT). The USRT is a 15-min, 150-trial response latency ‘te.t
nf vigilance with the advantage of being relatively free of any
practice effects (32). At random intertrial intervals ranging
from 1-10 sec, a randomly chosen 3-digit number on a video
screen began rapidly incremenrting by 1, providing a stimulus

for the subject to press a button as quickly as possible. The
resulting response times (to the nearest 10 msec) were
electronically stored for computation of mean latency. Errors
of commission (button pressed prior to the stimulus onset,
false hits), and errors nf omission {lapse times or
"microsleeps", latencies >l sec) were excluded from the results
of mean latency per test, This test was given at 6-h

intervals,




Protocol. During each of the two 48-h sessions, the
rreocedures occurring at 3-h intervals (SSS, urine voiding, and
smp measurement) together required about 3-5 min and were

- -heduled for 0800, 1100, 1460, 170C, 2000, 2300, 0200, and
0500 h; those at 6-h intervals {(POMS, SST, VRT, USRT) required
apbout 20 m:n and were performed at 0930, 1530, 2130, and {330
h. These latter tests were administered on Apple MacIntosh
computers. The subjects responded by moving the videoscreen
cursor with a positioning device {"mouse") and pressing the
mouse button. For the USRT, subjects simply pressed the mouse
button. At no time were subjects required to use the computer
keybcard. Videoscreen brightness was controlied to maintain
approximately 100 1lux in front of the screen. To reduce
pracitice effects, the ccmputer operation and the tests were
thoroughly explained and the subjects practiced the battery of
tests until they were fawiliar with the computer and the tests,
During Session 2, each subject was on-call at least one cf the
two nights, but this did not interfere with sampling or
testing.

Assays. Separate aliqucts of each 3-h urine sample were
used for determination of Na+ and K+ by ion selective
electrode and Cl- by thiocyanate colorimetry; cortisol (33) by
methylene chloride extraction, HPLC separation, UV detection,
and recovery correction for each sample with 6-OH-progesterone
as an 1internal standard (performed at the Nichols Institute
{San Juan Capistrano, California); and aMT.6s by a sensitive
and specific RIA (34) on samples diluted 1:50. The aMT.6s
antibody was generously supplied by Dr. J. Arendt, and the
standard was prepared by the method of Fellenberg et al (35).

Analysis. Measurements made during 48-h around-the-clock
were subjected to 24-h periodic regression (36) which yields a
mesor (average predicted ordinate value of the best-fit curve

over time as the abscissa), amplitude (best-fit curve peak
minus mesor), and acrophase (time of the best-fit curve peak).
Urinary data were assigned the times of the midpoints of the
urine collections. The <cosinor system software (generously

provided by Mark Vokac (37) of Oslc, Norway for the Apple 11)
or the BMDP software for the VAX 11/780 (38) were used feor the
analyses. The significance of the rhythm was asscssed by a
standard regressional analysis of variance determining
likelihood of a zero amplitude, the acrophase provides an index
of the timing of the rhythm, and the mesor reflects the central
value for the entire sampling period. Each of these parameters
could be obtained for each subject and separately for the
pooled data among subjects for a given session. If a rhythm
was not detected 1in the pooled data, overall between-subject
(mesor) variation was removed to test for significance of the
group rhythm, if the group <chythm of a wvariable was
significant in both sessions, a paired t-test was wused to
evaluate individual subjects’ amplitudes and acrophases for a
difference hetween sessions for that variable. Individual
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mesors were used to assess the difference (paired t-test) 1in
overall magnitude between sessions.

RESULTS

Prior to residency, all subjects reported regula:r nocturnal
sleeping habits of 6-8 h per 24-h period. The group mean sleep
obtained from sleep/wake records before Session 1 was 7.35 h
per 24-h period (Fig 1). The mean sleep after 6 months of
residency, still almost entirely at night, was 4.87 h per 24 h
pericd in the 1-2 wk prior to Session 2 (including on-call and
off-call times), indicating a significant reduction of 2.48 h
per 24-h period (P=0.014, paired t-test),. The mean sleep
episode duration (Fig 1) was also reduced prior to Session 2,
and the number of sleep episodes per 24-h pericd (not shown)

did not differ significantly between sessions. The end of the
last episode of nocturral sleep was earlier for Session 2 than
for Session 1 (Figs 2 and 3), though there was nc differcnce in

the beginning time of nocturnal sleep.

p=0014 p=0013

M Session 1
3 Session 2

Mean Hours Sleep

h/24 h h/episode

FIGURE 1. Mean sleep prior to the measurements in each session
{mean + SE).

Cosi or resulits are indicated 1in Table 1. Most variables
were rhywnmic in both sessions, with the exception of SST, VRT,
USRT, and some POMS components. There were no differences in
amplitude for any variable Dbetween sessions. Cortisol
excretion and POMS Overall, Tension, ard Anger exhibited
significantly higher mesors in Session 2. (For the Overall
POMS and each POMS component except Vigor, a higher score
indicates worse mood.) USRT (excluding latencies »1 sec)
exhibited a higher latency mesor 1in Session 2. Among the
variables with significant group rhythms in both sessions,
sleepiness (SSS), temp, and the POMS Overall score were
significantly phase-advanced in Session 2 (vs. Session 1).
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FIGURE 2. Mear + SE for temperature and urinary variables and
best-fi1t pocled 24-h periodic regression curves.
Sessiop 1 = closed circles, unbroken lines; Session
2 = open ciccles, broken lines. Arrows (Session 1 =
unbroken; Session 2 = broken) above the abscissa in
2nd and 4th panels (applicable to each panel)
indicate tre mean time between sleep onset and the
end cf the last nocturnal sleep episode.

Figure 2 shows tne group patterns for temp and urinary
hormones and ratio of Na+/K+ concentration and indicates the
highly rhythmic nature of these variables (each P<0.001 in both
sessions). However, between-subject wvariation 1in rhythm
timing (acrophase) does not allow this display adequately to
represent between-session changes in timing. Figure 3, based
on the between-session acrophase mean for individuals, shows
that whereas temp and Na+/K+ ratio became phase-advanced in
Session 2, there was no such change in the urinary cortisol or
aAMT.6s rhythms.

Figure 4 highlights the between-session differences in the
POMS variables. A mean value for each subject over the entire
testing time was wused to calculate a group mean for each
session. Paired t-tests indicate that each component except
Vigor was significantly worse 1in Session 2. Since there were
only four measurements per 24-h period for these variables and
the actual times of the tests occasionally varied from an exact
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FIGURE 3. The end of the last nocturnal sleep episode and the
acrophases (time of best-fit curve maxima) for oral
temperature (temp) and wurinary Na+/K+ ratio,
cortisol, and aMT.6s, expressed for the group as
mean time + SE (abscissa) before or after the

within-subject midpoint (mean) between each’s
respective two values (one for each session).
*P<0.05, **P<0.01 for phase-advancement in Session 2
(paired t-test on the actual clock wvalues}). The

abscissal time zero (mean within subject mid-value
between sessions) is indicated above each panel.

6-h interval, the mesors (Table 1) and overall means vary
slightly in their representation of the central tendency in the
data. Analyses of the mesors indicate worsening of Tension and
Overall POMS; whereas, analyses of the overall means indicate
worsening of Anger, Fatigue, Confusion, and Depression as well.

Figure 5 shows that the overall SST and VRT scores were not
different between sessions, but in Session 2, there developed a
significant rhythm in speed of response not detected in Session
1 (Table 1). USRT performance, excluding latencies >l sec, was
significantly worse in Session 2 (Figure 5) and did not exhibit
a 24-h rhythm (Table 1). When the latency difference for each
subject between sessions was calculated (not shown), this
difference exhibited a 12-h rhythm (P<0.02). Lapse time
(microsleep, latency >1 sec) was significantly greater in
Session 2 (Fig 5).

DISCUSSION

The times wused in these observations were read directly
from the clock that was reset off daylight savings time about
two months prior to the measurements in Session 2. This
resetting ("fall back") automatically phase-delays the clock
and all activities synchronized to it (arising, going to work,
going to bed, etc.) by 1 h, and this is normally reflected in a
similar delay 1in the aMT/6.s and cortisol excretion rhythm
(34). In the present observations, such a phenomenon is
recorded as a phase change of zero and probably explains no
observed between-session phase change in aMT.6s and cortisol,
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FIGURE 4. Mean + SE for POMS components by hour of testing and

24-h means. Ordinate units are expressed as percent
of the minimum/maximum range for each variable.
*P<0.05, **p<0.01, ***p<(0,001 (Session 2 vs. 1).
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both likely phase-delayed along with the autumn clock resetting
and the timing of activity and onset c¢f sleep and dark
exposure, well before the measurements in Session 2. Our use
of the actual clock times allows the between-session comparison
to include the same influence that the timing of the clo~k had
for beth sessions.

It is not possible to completely separate influences of the
light/dark and sleep/wake cycles 1in sighted humans, Ytecause
subjects typically sleep in the dark with eyes <closed. in
these studies, we focused on the sleep/wake cycle because it
was not possible to control or moniter 24-h light exposure 1n
the days prior te the physiological and psychnlogical
measurements taken. We assessed sleep prior to the
measurements hecauvca c~irecadian rhythms are entr2in~d ¢n  the
sleep/wake and/or darks/light cycle as it is in the days leading
up to the measurements (6,7,18).

The reduction 1in amount of sleep for Session 2 can be
viewed as chronic sleep loss. Thus, the increase? USRT
latencies are consistent with decreased alertness measured by
self-ratings in shift workers with a sustained 2-3 h/day sleep
loss (39,40). oOur results suggest that a performance deficit
in residents more reflects vigilance during a routine and

reflexive task rather than activity requiring a level of

conscious thinking effort, as in the SST and VRT. Disrupted
sleep and chronic sleep deprivation enhance tne secondary
arousal, though that normally occurs in the afternocon (41). 1In

our subjects, this likely was reflected in greater USRT latency
at 0330 and at 1530 h in Session 2 (vs. Session 1) and a
bimodal (12-h) rhytkm in the 1latency difference between

sessions. Sleep deprivation has previously been associated
with an increased freguency of brief lapses of consciousness or
"microsleeps™ {42). Thus, in addition to a general
deterioration in response latency, more lapses of >1 sec were
apparent in Session 2. It is likely that sleep deprivatior
during residency was a majo: ~ntributor to decrements in
performance and mood and to e.-vited cortisol excretion as a

reflection of stress.

During residency training (Session 2), sleep tended to end
earlier in the morning. Since the SS8S included actual sleep as
the most intense indicator of sleepiness, the measurement of
sleepiness tended to confirm a phase advancement of sleep
rhythm in Session 2. The earlier end of nocturnal sleep
suggests advancement of the activity rhythm. Along with this
advancement in the sleep/activity rhythm, the rhythms of temp,
Overall mood, and the wurinary Na+/K+ ratio were similarly
advanced in Session 2, indicating phase advancement of a
substantial element of the <circadian system 1in residency
training.

Cortisol levels have been shown to be unchanged or
decreased in sleep deprivation (43,44), possibly as a result of
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boredom in laboratory-controlled sleep deprivation. In
contrast, residents are required to maintain a high level of
psychological activation and alertness, which may provide
stress in attempting to override fatique and thus may have
contributed to higher cortisol mesors. It is possible that the
altered timing of the Na+/K+ ratio in Session 2 partly
reflected aldosterone secretion in that this hormone tends to
restrict Na+ excretion and promote K+ excretion. The
assessment of excretion rhythms of electrolytes is difficult in
the present study because dietary intake was not measured or
kept constant.

The magnitudes of the residency-induced alterations in
timing that were observed in those rhythms with significant
altered timing were small (Table 2). Lack of detectable
changes in melatonin and cortisol rhythm timing does not
exclude the possibility that greater phase alteration of
temperature, sleepiness, and mood produced by some other
technique would then change melatonin and cortisol phasing.
More frequent sampling of circulating melatonin or cortisol
might have more sensitively revealed residency-induced small
changes in rhythm timing. However, since sulfatoxymelatonin
and cortisol were sampled at least as frequently as for those
variables shcocwing a changed rhythm phasing, sampling frequency
is not 1likely a major factor in the apparently different
rasponsiveness of rhythm timing to residency training among
measured variables. Further, in that the changes observed in
the residents involved more than altered timing of several
rhythms and included sleep deprivation, an earlier final
awakening time, overall worsening of mood and vigilance
performance, and raised cortisol levels, it 1is important to
note that the overall level and pattern of melatonin excretion
was not significantly changed. These results do not support
the notion that rhythm changes in or deteriorations of sleep,
mood, and vigilance seen in residency training provoke or
depend wupon a major alteration of the melatonin rhythm.
Changes in melatonin that occur in illness or injury may thus
result from factors other than those associated with the
general aspects of stress. However, nontrauma stress can
result in desynchronizing of biorrhythms, raising the
possibility of dyssynchrony in traumatic stress as well.
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TABLE 2. Mean Within-Subject, Between Session Difference +SE

in the 7 Subjects for Cosinor Parameters

Significantly Different Between Sessions (from Table

1)

Difference
Variable Parameter (Session 2 Minus Session 1)

Temp Acrophasex* -2.26 + 0.48++
S§8S Acrophase*#* ~-1.55 + 0.62+
POMS Overall Acrophase**x* -3.10 + 1.18+
Urinary Cortisol Mesor 0.304 + 0.12+
POMS Overall Mesor 5.53 + 1.71+
POMS Tension Mesor 7.69 + 2.99+
USRT Mesor 30.7 + 8.5+
*Rhythmicity regressional variation (rz) as % of coral
variation in individual subjects (mean + SE): Session 1, 62+5:
Session 2, 50+9 (all P<0.05 for rhythmicity in both sessions
except for 1 subject in Session 2). *kp Sessioa 1, 74+45;
Session 2, 56+2 (all P<0.05 in both sessions). *#**r®: Session
1, 4748 (P<0.05 in 1 of 7 subjects); Session 2, 47+8 (P<0.05 in
4 of 7 subjects). Acrophase computations for all subjects were
included 1in the between-session tests, because 1in both
sessions, the group rhythms were significant (Table 1).

+P<0.05, ++P<0.01 (Session 2 vs. Session 1, paired t-test).
Acrophase difference is in decimal h, negative numbers meaning
earlier timing (phase advance) 1in Session 2. Mesor units (as
in Table 1) are those for the measurements of the respective
variables.
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CONTINUATION OF DD FORM 1498 FOR "QUANTIFICATION OF DYNAMIC
SPLINT FORCES ON METACARPOPHALANGEAL FUNCTION RECOVERY"

exerted by the splint 1is 5, 25, or 50 g greater than the
measured stiffness of the metacarpophalangel joint. The time
required to cause observed <changes, electromyograph readings
associated with the change, and force history leading to the

changes will be measured. A 4 {qualitative hand
classification) X 3 (levels of torce) analysis of variance will
be used in analyzing the effects of the splint treatments. A

stepwise multiple regression analysis will be performed on the
data.

25. (U) 8610 - 8709. This project was approved as a minimal

risk protocol by the US Army Institute of Surgical Research
Human Use Committee on 11 September 1987. -
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CONTINUATION OF CD FORM 1498 FOR "STUDIES OF INFECTION AND
MICROBIOLOGIC SURVEILLANCE OF TROOPS WITH THERMAL INJURY"

of the patients and 8% of the total flora. Positive blood
cultures were recovered from 20 patients, with Staphylococcus
aureus being the most common offender.
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During calendar year 1986, 200 burned patients were
cultured and 8,223 isolates were identified. A relatively low
colonization frequency (<25%) with Gram-negative organisms has
continued for the fifth reporting period. This was also
reflected in an increase in Gram-positive organisms in blood
cultures. Staphylococcus aureus and Staphylococcus epidermidis
represented 39.7% of the bacteremia cases. The computerized
microbial culture surveillance system has been extended to
include infection <control and antibiotic usage data bases,
This system 1is being evaluated for its wuse in predicting
infecting organisms from previous sites of colonization and
antibiotic usage.

BURN MICROBIOLOGY
PSEUDOMONAS
KLEBSIELLA
STAPHYLOCOCCUS
ANTIBIOTIC RESISTANCE
BLOOD CULTURE

BIOPSY

HUMANS
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STUDIES OF INFECTION AND MICROBIOLOGIC SURVEILLANCE
OF TROOPS WITH THERMAL INJURY

INTRODUCTION

This report is produced from microbiology data collected
for patients admitted during calendar year 1986, Data were
collected from admission through disposition. This is the
second report that is based on calendar year rather than fiscal
year. This change more nearly aligns culture results with the
annual research progress report produced by the Clinical
Division for the same patient population.

AUTOMATED MICROBIOLOGY DATA BASE

The microbiology data base now contains complete
surveillance data for >1,000 burn patient admissions.
Epidemiologic wuse of these data has resulted in several
publications. The microbiology data base has been aligned with
antibiotic use and infection <control data bases. This has
improved the wutility of the system for prospective wuse in
identifying outbreaks and aiding empiric therapy by predicting
on a statistical basis the probable antibiotic sensitivity
patterns of infecting organisms.

ANTIBIOTIC SENSITIVITY DETERMINATION

The 1986 antibiotic testing panels are presented in Table
1. Bacterial organisms were tested by agar overlay disc
diffusion. Broth dilution minimal inhibitory concentrations
and minimal bactericidal concentrations were available wupon
specific request. The protocecl for selecting organisms for in
vitro sensitivities was isolation from blood cultures,
predominant organisms in biopsy cultures, predominang organisms
in sputum and in urine cultures with >10 cfu/ml,
Staphylococcus aureus isolates, Pseudomonas aeruginosa
isolates, and other organisms as requested.

MICROBIAL SURVEILLANCE

The microbial surveillance protocol established in fiscal
year 1983 was continued in calendar year 1986 (1). Patients
were cultured from wound, sputum, wurine, and rectum on
admission. Thereafter, sputum and urine were cultured three
times per week and stools and wound surfaces twice per week.
Patients transferred to the convalescent ward and hospitalized
>30 days were cultured once per week. Gentamicin-resistant
Gram-negative organisms from sputum or stool specimens were
screened by plating on MacConkey agar containing gentamicin
sulfate (25 pyg/ml).
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TABLE 1. 1In vitro Sensitivity Panels (1986)

Nonenteric
Enteric Organisms Gram-Negative Organisms Gram-Positive Organisms
1. Amikacin®P 1. Amikacin®’P 1. Amikacin®’P
2. Gentamicina'b 2. Gentamicina'b 2. Gentamicina'b
3. Tubramycina 3. Tobramycina'b 3. Tobramycina'b
4. Ticarcillin® 4. Ticarcillin? 4. Ticarcillin
5. Mezlocillin®P 5. Mezlocillin?/P 5. Mezlocillin®’P
6. Piperacillin®rP 6. Piperacillin®sP 6. Piperacillin®sP
7. Moxalactama'b 7. Moxalactama'b 7. Moxalactamb
8. Cefotaxime® 8. Cefotaxime® 8. Cefotaxime
9. Cefoperazone 9. Cefoperazonea 9. Cefoperazone
10. Sulfadiazine 10. Cefsulodin® 10. Cefsulodin
11. Netilmicin? 11. Colistin 11. Sulfadiazine
12. Kanamycin 12. Sulfadizine® 12. Oxacillin®
13, Chloramphenicol 13. Netilmicin 13. Cephalothina
14. Tetracycline 14. Kanamycin 14, Vancomycina’b
15. Cefoxitin® 15. Chloramphenicol 15. Kanamycin
16. Cefamandole? 16. Tetracycline 16. Chloramphenicola
17. Ampicillina 17. Imipenem—Cilastatinb 17. Tetracycline
18. Trimethoprim 18. Azlocillin® 18. Ampicillin
19. Trimeth and Sulfa 19. Norfloxacin 19. Imipenem—Cilastatinb
20. Nalidixic Acid 20. Aztreonam 20. Clindamycin®
21. Imipenem—Cilastatinb 21. Ticarcillin 21. Penicillin?
22. Streptomycin 22. E:rythromycina
23. Aztreonam 23. Streptomycin

24. Norfloxacin

gReported daily on daily clinical microbiology report (hard copy).
Reported on computer screen from patient data base.
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MICROBIOLOGIC FINDINGS IN BURN FATIFNT

A total of 200 patients adnitted in 1986 were cultor 4.
Spcclizs isolated and numkber «of patients yielding each spucles

acre p-osented in Table 2. 8ecause of the decreased host

resistance of the patient population, no organism is considered
"normal" flrora and all 1isolated organisms are reported to the
physician. A summary of the 10 most common isolates is
presented in Table 3. The table contains 81% of the species
identified. The relative frequenries of sites of isolation are
presented in Figure 1. The relative frequencies of sites of
isolation of Gram-negative organisms, Gram-positive organisms,
and yeast are shown in Figure 2.

FLORA RECOVERED FROM RESPIRATORY SYSTEM SPECIMENS

A total of 6,211 organisms were recovered from respiratory
system specimens. The majority of these were sputum cultures
collected in the surveillance program. The 10 most frequent
species are presented in Table 4, which represents 81.61% of
the respiratory isolates. Of particular note is the continued
decline of Gram-negative isolates. Pseudomonas aeruginosa was
not in the top 10 organims, with only 28 of the 184 patients
colonized., This frequency was not significantly different from
calendar years 1984 and 1985.

FLORA RECOVERFD FROM WOUND SURFACE SPECIMENS

A total of 1,138 contact plate surface cultures were taken
and 452 isolates were made. Relative frequencies of 1isolated
species are presented in Figure 3. Subsurface flora, as
measured by biopsy specimens, was measured in 162 Dbiopsies
taken from 35 patients. Organisms were recovered from 20 of
the biopsied patients. The 10 most common organisms are
presented in Table 5. Filamentous fungi remained the principal
isolate with Aspergillus being the most common fungal genus.
Pseudomonas aeruginosa was recovered from 9 biopsies taken from

4 patients. The continued decrease in recovery of wound
bacteria is best correlated with the decrease in resistance to
topical and parenteral antimicrobial agents. The loss of

competitive bacterial flora 1is a reasonable basis for the
increased frequency of fungal isolates.

FLORA RECOVERED FROM URINARY TRACT SPECIMENS

Urine specimens from 191 patients yielded 836 isclates. The
10 most common species are presented in Table 6.5 The top 10
organisms isolated from wurine specimens with >107 xfu/ml are
presented in Table 7.

FLORA RECQOVERED FROM BLOOD CULTURES

Blood cultures were obtained from 110 patients for a total
of 890 cultures. The principal organisms recovered are listed
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in Table 8. Positive cultures were obtained from 39 patients
and 85 isolates were made from 82 positive cultures.
Fifty-three <cases of bacteremia were noted. A case of

bacteremia was defined as isolation of an organism once or more
than once with a 30-day period.

Intravenous catheter tips were cultured from 95 patients.
Isolations were made from 47 patients and 159 isolates were
made. Data are presented in Table 9. These data show an
unexpectedly high incidence of contamination.

SUMMARY OF ANTIBIOTIC TESTING

A total of 3,003 bacterial isolates were tested for 1in
vitro sensitivity to antibiotics. A comparison of sources ©of
tested strains 1is presented in Figure 4. The relative
frequency of tested organisms is presented in Figure 5.

Gentamicin resistance was again used as a plasmid
surveillanrce marker. Testing was done on 2,997 isolates.
Figure 6 displays the relative frequency of tested organisms.
Figure 7 displays the frequency of resistant species. Only 100
Gram-negative isolates of 1,548 strains tested were resistant
to gentamicin (6.5%). This 1is the lowest percentage ever
reported from the Insitute and is a direct marker of the
success of infection control isolation techniques to prevent
the accumulation of a resistant Gram-negative flora.

Staphylococcus aureus. The sources of Staphylococcus
aureus strains tested £for in vitro activity are presented 1in
Figure 8. The incidence of multiply resistant Staphylococcus
aureus was 46% of isolates and these strains were 1solated from
B3 patients. The resistant strains are multiply resistant with
expression of gentamicin, erythromycin, oxacillin, and
strepomycin resistance. Multiply resistant Staghglococcus
aureus and gentamicin-sensitive strains are isplaye

separately in Table 10 and histograms are shown in Figure 9.

Pseudomonas aeruginosa. The frequency of sources of
Pseudomonas aeruginosa strains tested in vitro is presented in
Figure 10. The results of testing are presented in Table 11.
Sensitivity to aminoglycoside antibiotics has remained high.
The relative frequency of gentamicin resistance for recent
reporting periods 1is presented in Figure 11. The relative
frequency of sulfonamide resistance for recent reporting
periods is presented in Figure 12. Histogram displays of the
distributions of zone sizes for selected antibiotics are
presented in Figure 13.

Klebsiella pneumoniae. A total of 215 isolates were tested
for in vitro sensitivities to antibiotics. The sources of
isolation for tested strains are presented in Figure 14.
The results of in vitro antibiotic testing are presented in
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FIGURE 9A. Multiple resistant Staphylococcus aureus.
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(continued).
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FIGURE 9A.

100.

50.

25.

0. T ™
i

TICARCILLIN (75 ug)

NMBER 1 64
YTy ASEEARASNMENLARN B S NAn SUELEND SN RS Sk A (D A SHRLAND ANl Su SER Munans e
po LI T T T S e
t ! !
<8$)> |
I

EERESEBENERNEENE
18 2 24 21 30 383 36

ZONE SIZE

NUMBER » 698

FryryryryTr Y
N !

!
!
i
|

=

T v -
i “"r'ﬁ‘l 11‘}j1!'1

R> <D

’ |
|l
o
' [
{ {
b
Lo
{ {
I !
P
| [
i

NEENEEEENEE NSRS N A RN
§ 9 12 15 1§ 21 a4 a7 80 33 36
ZONE SIZE

UANCOMYCIN (30 Lg)
NMBER » 608

]

N }7141 MR R R ERE R

: m», 04 <8)> i

gstsi— %

by | | | |

Cw '
a5,

i j | —1

£ i b u

12.5 Lo -

i | ] i

i | i |

o, Littdrn! HUSEES

‘e 9 12 33 36

ZONE SIZE
Multiple resistant Staphylococcus

(continued).

123

aureus




AMIKACIN (30 ug)

NIMBER @ €74
BT Ty
f i I
i ®R> R ¢ > <$> [
-~ rl-— ! '
g18.7, i .
w i ! | !
o i i | i
- 12,5+ ! { =1
i | |
& i f {
6.25 ‘ -
L {
0, il
s 9% i3
20ME SIZE
CILFOTAXIME (3( 1vg)
NMBER s 729
B I T T T T
| ®> ; I <$> I
g 18.75— , -
- i i |
< ; ; |
- 12,5 ! =
, | i |
& | i |
6.25 — ; .
| % |
, U
o FREEENEEN

) 9 12 15 10 21 24 27 W I I
ZONE KSIXIZE

FIGURE 9B. Histogram display of the distribution of zones of
inhibition of growth of Staphylococcus aureus.
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FIGURE 9B.

CEPHALOTHIN (30 ug)
MMBER * 723
B T S R EREARE R AR
i @ <D ; <8 _J
i !
J18.75— ; | [
- | | { i
- i | l !
- 1.5 — | i
! i
& ) i i
— | {
6.25 } i i
i I |
i

ZONE SIZE

GENTAMICIN (10 ug)
NMBER = 723

25. FrT T T

T T T |!zrfvmﬁ1XT!f:rrf:H!ﬁj
{ i

| ®R> |

o m.ws,L —{
i‘.‘ i i
&« | i
- 12.5 - 7
- ; [
sjsr- 'ﬁ

| |

o, LLt1ll |
5§ 9 12 15 1B 21 24 27 939 33 S

Z0NE SIZE

MEZLOCILLIN
MUMBER & 723

25 Tl

R>

(75 ug)

rTrvryrrirrrrrrrrrrr
AR B AR G A A A B A A

{
: <8
{

ZONE SIZE

Histogram display of the distribution of zones of
inhibition of growth of Staphylococcus aureus
(continued).

125




MOXALACTAM (30 ug)

NMBER & 728
”-i!thr!rf{Tfrrf"!!;1Trr::::TTT}
l
i ®R> i <D : <$)> ]
; |
o175 | | A
- | }
<L ' i J
- 12.5 : —
. ) t
« ; i ‘
8.25 - ! -
z ! i
0 | = ' }
" b 3 iz 15 18 2 23 2 SO 33 36
ZONE SIZE
PIPERACILLIN (100 ug)
MMBER = 722
35;.Tjjf?ff§§!f]YTTT!H!ITI!I!!‘Y}
i ®> I <1 | <8$)> }
oumseL— ‘ ! —
= 1 | ]
v i i
& i |
12.5 — {
| | B
& | | _f
515% } '
| ! |
0 ! S e e e [ L] (L
B 3 i2 15 18 23 24 27 30 33 36
ZOMNE SIZE
SULFADIAZINE (250 ug)
NMAMBER & 723
25. SRESE AR SAEEERARERRE R
3 <R> e ¢ | <S> i
— i } —
Qw.vs{ i ,
i i [ |
."‘ ' i i
*135{- i } -
‘ ! {
# = { {
6.25 g |
|
0 !

ZONE SIZE

FIGURE 9B. Histogram display of the distribution of zones of
inhibition of growth of Staphylococcus aureus
(continued).
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FIGURE 9B. Histogram display of the distribution of zones of
inhibition of growth of Staphylococcus aureus
(continued).
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FIGURE 13.
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FIGURE 13. Histogram display of the distribution of zones of
inhibition of growth of Pseudomonas aeruginosa
(continued).
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Table 12. Histogram displays of the distributions of 2zone
sizes for selected antibiotics are presented in Figure 15.
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FIGURE 15. Histogram display of the distribution of zones of
inhibition of growth of Klebsiella pneumoniae.
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FIGURE 15. Histogram display of the distribution of zones of
inhibition of growth of Klebsiella pneumoniae
{continued).
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FIGURE 15. Histogram display of the distribution of zones of
inhibition of growth of Klebsiella pneumoniae
(continued).
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ABSTRACT

PROJECT NUMBER: 3M161102BS14-00, BASIC RESEARCH
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This study is designed to evaluate the efficacy of
ceftazidime 1in comparison to agents currently used in
combination in the treatment of acute bacterial infections in
burned patients (piperacillin, amikacin, and/or vancomycin).
Patients entered into this study are adult patients with burn
injuries and clinical or laboratory indications of bacterial
infection that require the use of intravenous antibiotics. The
nrganiem/s) causing the infection are proven or presumed
susceptible to ceftazidime and a combination treatment prior to
initiation of therapy. Patients entering this study are
randomly assigned to either ceftazidime (n=25) or a drug
combination (n=25). Evaluations will be made concerning the
relative bacteriologic and clinical effectiveness as well as
relative safety and tolerance of the treatments. The <c¢linical
and bacteriologic course of each patient 1is followed and
documented. Laboratory and «clinical Adata to assess safety 1is
obtained before, during, and after treatment. Twelve patients
were entered into this study during this reporting period.
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A CLINICAL STUDY OF THE EFFICACY OF CEFTAZIDIME IN THE
PARENTERAL THERAPY OF INFECTIONS IN HOSPITALIZED BURN PATIENTS

INTRODUCTION

Ceftazidime is an extended spectrum cephalosporin
antibiotic for parenteral administration. It offers both
Gram-positive activity and activity against a wide range of
Gram-negative organisms, including bacteria that are resistant

to first and second generation cephalosporins and
aminoglycosides. Ceftazidime is distinguished by its
anti-Pseudomonal activity. Additionally, it demonstrates

excellent stability to beta 1lactamases produced by many
clinically important organisms.

Ceftazidime exhibits an excellent pharmacokinetic profile.
The antibiotic is rapidly distributed throughout the body
following parenteral administration. Ceftazidime |is not
metabolized; excretion is via glomerular filtration. Protein
binding is low. The compound has a half-life of 1.90 h, making
it possible to employ the drug on an every 8-12 h schedule.

Ceftazidime has proven to be efficacious in the treatment
of nosocomial and community-acquired infections. The compound
has been evaluated in worldwide clinical trials in over 5,000
patients with a variety of infection problems including 1lower
respiratory tract, urinary tract, bone and joint,
intra-abdominal, gynecologic, skin, and skin structure
infections as well as bacterial septicemia and meningitis.
Overall, 93% of patients treated in United States trials were
clinically cured or improved (cured = 68%, improved = 25%). A
bacterial «cure (eradication of the initial pathogen) was
achieved in 89% of ceftazidime-susceptible organisms isolated
in United States clinical studies.

The objective of this study is to evaluate the efficacy of
ceftazidime as monotherapy in the treatment of serious
infections in burned patients and to compare the efficacy of
ceftazidime to antibacterial agents currently used in
combination in the treatment of serious infections in burned
patients.

MATERIALS AND METHODS

This study will randomize S50 consecutive burned patients
requiring the first wuse of intravenous therapy for bacterial
infection. Twenty-five patients will be assigned ceftazidime
and 25 patients will be assigned to a combination therapy.
Patients randomized to ceftazidime or to a combination that
does not include vancomycin that develop a clinical need for
the addition of vancomycin will be considered failures of the
initial therapy. The assigned treatment will be maintained
(plus vancomycin) for 8-14 days. Patients wunder study who
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require surgery will be maintained on the assigned treatment
during the perioperative period.

MATERIALS AND METHODS

Selection of Patients. Patients who have clinical and/or
laboratory indications of bacterial infection are eligivle for
entry into the study. Intravenous antibiotic therapy must be
indicated. Bacteria isolated from the site of infection must
be sensitive or presumed sensitive to ceftazidime and a
combination therapy prior to randomization. Patients who have
a history of allergy or adverse reaction to penicillins,
cephalosporins, aminoglycosides, or vancomycin are excluded.
Alsc, patients who have been treated for bacterial infection
with intravenous antibiotics (except penicillin) during the
current hospitalization are excluded.

Procedures Prior to Treatment. A chest roentgenogram and a
medical history are obtained within 72 hours prior to the
initiation of treatment and a pertinent physical examination is
performed. A laboratory profile, to include hematology,
standard chemistries, and urinalysis, is obtained.

Randomization. Randomication is by a random number chart
maintained in the pharmacy.

bDosage and Administration. Ceftazidime is administered in
a dose of 250, 500, 750, or 1,000 mg 2-4 times daily, with the
usual dose being 1,000 mg every 8-12 h., Standard therapy is
administered as is currently practiced. The amikacin dose 1is
basea on 1.5 mg/kg/day divided into 2-3 equal doses per day
given at equal intervals and adjusted as appropriate for renal
function. The total daily dose of amikacin does not exceed 1.5
mg/kg/day. Piperacillin 1is administered in a dose of 3-4 g
every 4-6 h not to exceed 24 g/day. Vancomycin is given as 500
mng every 6 h or 1 g every 12 h,

Procedures During Treatment. Clinical signs and symptoms
of infection are assessed daily and are used as a measure of
the efficacy of the study treatment. Serial chest
roentgenograms and other procedures are performed as
appiroepi.ate to assess clinical status. All adverse effects are
recorded. Cultures are taken from the site of infection on a
daily basis, with the exception of blood <cultures which are
taken for clinical indications.

Procedures After Treatment. The ciinical effectiveness of
the assigned treatment 1is documented wupon completion or

withdrawal of treatment. This record indicates the <clinical
result of the original treatment and reasons, if any, for
withdrawal. Seven to 10 days after completion of the

treatment, a laboratory profile, to include hematology,
standard chemistries, and urinalysis, and a pertinent physical
examination are performed.
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RESULTS

Six of the 12 patients entered 1into the study died.
However, all of these patients had completed a course of
therapy and had clinical and microbiological improvement of the

treated infection. One patient of the remaining 6 patients
failed on combination therapy and improved on ceftazidime. All
other patients also had improvement. Several patients

randomized to <ceftazidime therapy required the addition of
vancomycin and therefore must be deemed failures of ceftazidime
therapy. There have been no obvious side effects noted as vyet
and there have been no withdrawals from the study.

DISCUSSION
Although it is too early at this point to draw

statistically significant conclusions, there have been several
patients randomized to the ceftazidime group who required the

addition of vancomycin. Vancomycin was added when there was
lack of improvement as documented either by microbiological or
clinical means. Once vancomycin was added, improvements were
ncred in each patient.

PRESENTATIONS /PUBLICATIONS

None.
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ABSTRACT
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Nineteen adult patients admitted to the Institute between
February and June 1987 with >20% total body surface area burns
were studied to determine their thiamine levels during the
first month of their hospital course, Early analysis of the
data for 15 of these patients reveals an initial drop in their
blcod thiamine content below normal followed by a rebound to
supranormal levels by the end of the study period. Based on
this early analysis, thiamine supplementation for this patient
population is recommended during the immediate postburn week,
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THIAMINE LEVELS IN THE ACUTELY BURNED PATIENT

INTRODUCTION

The objective of this study was to determine thiamine
levels in patients sustaining severe thermal injury (1-6).
Blood samples were taken during the first 4 wk postburn. The
medical application was to recommend a supplemental dose of
thiamine for this patient population (7).

MATERIALS AND METHODS

Nineteen patients and 10 controls were entered into the
study during this reporting period. All controls were studied
once to determine a baseline 1level of thiamine in a healthy
patient population based upon our assay techniques.

Prior to beginning this study, about 60 units of packed red
blood cells, which were randomly traasfused in the operating
room, were tested for their thiamine content relative to their
hemoglobin content, age, and blood type.

All burn patients with total body surface area burns >20%
were eligible for admission into the study. Patients entered
into the study had 1.5 c¢c of heparinized blood drawn on
admission and weekly thereafter for the first month postburn or
until expiration. 1In addition, all transfused units of packed
red blood cells to be received by the patient were tested for
thiamine content. Weekly charts were kept to record each
patient’s nutritional and supplemental thiamine intake, other
medical problems, amount of skin grafting done, and subjective
and objective mental status changes (8).

Sample preparations were separated by centrifugation and
the plasma was aspirated cff. The packed cells were then
washed, lysed, and frozen at -70°C until assayed. After
thawing, the samples were prepared for ion pairing reverse
phase liguid chromatography and the thiamine elution peak
recorded (9-12).

RESULTS

The randomly sampled units of packed red blood cells were
found to have varying levels of both hemoglobin and thiamine
cresent per uiit of blood. Therefore, the amount of thiamine
transfused into each of our patients could not be assumed, but
was measured for each unit of blood received during the study
period.

Control subjects were found to have an average hemoglobin

content of 14 (similar to the level at which the study patients
were kept) and an average thiamine content of 160.
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Fifteen of the 19 patients completed 3-4 wk of the study
and were found to have a markedly low thiamine blood content

upon admission (>2SD vs. control). By ithe third week postburn,
they then rebounded to above normal levels (>2SD vs. control)
before returning to normal. Serum hemoglobin levels did not

vary much during the study period.
DISCUSSION

Total thiamine content 1in the blood of acutely burned
patients appears to be markedly low during the initial phase of

burn resuscitation. As the patient’s wounds heal and are
grafted and nutritional intake improves, the serum thiamine
rebounds to above the normal average. Further analysis of the

data needs to be performed to determine if the burn size, age,
and number of packed red blood cell transfusions or nutritional

status have any influence on these values. In addition, the
patient’s subjective responses and mental status should be
examined. It does, however, appear that early thiamine
supplementation should be recommended for this patient

pecpula’ ion.
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